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BENJAMIN SILLIMAN. 

Our honored associate, Professor Benjamin Silliman, the 
founder of this Journal, whose name has appeared upon the 
title page of every number, from the first until the present, is with 
us no more. He died at his residence in New Haven, early 
Thursday morning, Nov. 24, 1864 (the day set apart for a na- 
tional thanksgiving), having reached the age of 85 years. 

It becomes our duty to place on record in these pages, as an 

inscription to the monument which he has himself erected, an 

outline of his career and a tribute to his memory. Few men 

enter life with such promise as he ; fewer still sustain themselves 

: 80 evenly, and die so widely lamented. 

Instruction in natural science has been his great work; and 
in it he was emphatically a man of the times. Beginning when 
almost nothing was fcnown in this country of the departments 
to which he was especially devoted, he lived to see them car- 
ried forward to a high degree of progress, and their import- 
ance everywhere acknowledged. His life, which was one of 
few marked incidents, was passed in his native State, in connec- 
tion with Yale College, the institution that early selected him 
as one of its faculty. Two or three times he was invited to be- 
come the president of colleges elsewhere, but New Haven con- 
tinued his chosen home. Twice he visited Europe, first in 
1805-6, in order to qualify himself for his work in life by at- 
tendance upon lectures in London and Edinburgh, and by ob- 
servation of foreign institutions of learning; and again, near 
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the close of his life, in 1851, when he was accompanied by his 
son, and made a more extended tour of observation and inquiry. 
Frequent journeys in his own country made him acquainted 
personally with the institutions and the men of every State, 
while his habits of prompt and friendly correspondence perpet- 
uated the intimacies which he formed at home and abroaa. 

Without attempting a formal biography (which the late day 
of his decease renders impossible at this time), we propose to 
speak briefly of Professor Silliman's career as an officer of Yale 
College, and as a man of science, and then of his personal char« 
acter and influence in the community. 

The Silliman family has resided in Fairfield, Conn., since the 
early colonial days. Tradition says that Claudio Sillimandi, 
their earliest known ancestor, was driven, in 1517, from Lucca, 
Italy, to Switzerland, by religious persecution. The descendants 
resided in Berne, and afterward in Geneva, whence they emi- 
grated through Holland to this country about the middle of the 
seventeenth century. A worthy pastor of the name, living 
with his family near Neuchatel, was visited by Prof. Silliman 
in 1851. 

Ebenezer Silliman, the grandfather of Benjamin, graduated 
at Yale College in 1727, and Gold Selleck, the father, in 1752. 
The latter was a Brigadier General of militia in the Revolution, 
and was entrusted for a time with the defence of the Long Island 
coast. In 1775 he was married to Mary, the daughter of Rev. 
Joseph Fish of Stonington, and the widow of Rev. John Noyes. 
The two children of this marriage. Gold Selleck and Benjamin, 
became members of the same class in college, and have main- 
tained through life an intimacy peculiarly fresh and cordial. 
The younger brother, Benjamin, was born in North Stratford, 
Conn, (now the town of Trumbull), August 8, 1779. The elder, 
who was born in 1777, is still living in Brooklyn, N. Y.' 

Throughout his active life, Professor Silliman has been iden- 
tified with Yale College. He entered thd institution in 1792, 
fraduated in 1796, became a Tutor in 1799, was appointed 
Yofessor of Chemistry and Natural History in 1804 ; and in 
1853, having been relieved at his own request from further ser- 
vice as an instructor, he was designated, by the Corporation, 
Professor emeritus. Thus, during a period of nearly three- 
quarters of a century, his name has appeared as a student and 

^ Prof. Silliman was twice married: first, in 1809, to. Harriet, daughter of the 
second Gov. Trumbull of Connecticut, the mother of his nine children ; and again, 
in 1851, to Mrs. Sarah Webb, daughter of John McClellan. Five children surrifs 
him, one son and four daughters. All are married, the eldest daughter to J. E 
Church, the second to Prof. 0. P. Hubbard, the third to Prof. J. D. Dana, and the 
fourth to Rev. E. W. Oilman. His descendants include twenty-three grandchildren, 
hesidea five deceased, and two great-grandchildren. 
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teacher successively on the catalogaes of the college. He was 
a pupil both of Dr. Stiles and Dr. Dwight, and the colleague of 
the latter during eighteen years. With President Day and Pro- 
fessor Kingsley ne was associated for half a century and more 
in the government of the institution. 

In the capacity of a college officer, he was preeminent as a 
teacher. The professor's chair, in the laboratory or the lecture- 
room, was the place above all others in which his enthusiasm, 
his sympathy with youthful aspirations, his varied acquisitions, 
his acquaintance with the world of Nature and of Art, and his 
graceful utterance, exerted their highest and most enduring in- 
fluence. The minds which he aroused to the study of Nature 
have become investigators and teachers in every portion of the 
country, and all his pupils, whether devoted to science or to 
letters, will bear testimony to the interest which he awakened 
in these pursuits. They will never forget the admirable tact 
with which the manipulations of the laboratory were performed, 
or the brilliant experiments in chemistry which the lecturer 
seemed to enjoy as if, like the class, he had never witnessed 
them before. The course in chemistry, in early years, extended 
through one hundred and twenty lectures. In later days it was 
ndfc so long, but was followed by a course in mineralogy and an- 
other in geology. Here, too, rrof. Silliman had the same mag- 
netic influence on his students, sending them off on long walks 
about New Haven and at home to search for specimens, or to 
study the phenomena of ecology. The third of these annual 
oourses, that on geology, ne gave with peculiar zest and elo- 
quence. He delighted to depict the catastrophes of geological 
history and to clothe the world with the plants and animals of 
former days. 

Professor Silliman was less concerned in the government of 
the students than some of his associates; but questions were 
continually arising in which his counsel was of weight. He 
was prompt in rebuking every form of youthful delinquency, yet 
was never harsh or inconsiderate. No student ever left his pres- 
ence feeling wronged or indignant. He would much rather sac- 
rifice a rule than injure an ofiender. If he seemed sometimes 
to be lenient, it was the leniency of a father, for his mind re- 
garded the improvement of his scholars rather than the enforce- 
ment of routine and discipline. His paternal lectures to the 
Freshman class on morals and manners were admirable in their 
influence, and many a graduate of the college will acknowledge 
that his habits for life were affected by the judicious hints which 
he received from his kind and sympathising teacher. 

Mr. Silliman's labors began with instruction ; but they did 
not end there. His active and versatile disposition led him to 
become interested in and to help forward whatever would con- 
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tribute to the welfare of Yale College. When he went abroadj 
in 1805, to fit himself for the duties of his professorship, the 
purchase of books for the library was one of the duties with 
which he was especially charged. He was one of the library com- 
mittee until his retirement. In his own departments, not only 
the Chemical Laboratory, but also the Cabinet of Minerals owed 
its existence to his energy. This collection is indeed so import- 
ant, that something more than the mere mention of it seems due. 
About the time when Mr. Silliman was appointed a professor, 
the entire mineralogical and geological collection of Yale College 
was transported to Philadelphia in one small box, that the speci- 
mens might be named by Dr. Adam Seybert, then fresh from 
Werner's School at Freiberg, the only man in this country who 
could be regarded as a mineralogist scientifically trained. From 
this small beginning grew the present cabinet. In 1810, owing to 
personal regard for Prof. Silliman, Col. George Gibbs deposited 
with Yale College his valuable collection of minerals, and, after 
it had remained open to the public fifteen years, various friends 
of the college, chiefly through the instrumentality of Prof. Sil- 
liman, subscribed for its purchase the sum of $20,000. Other 
important accessions were also secured through, his influence, 
not only from college graduates and other American gentlem^, 
but from various foreign collectors. 

The Clark telescope is another of the donations to Yale Col- 
lege due to Prof. Silliman, This excellent glass, the best in the 
country at the time of its purchase, was the means of exciting 
among the students of the oollege unusual attention to astronom- 
ical pursuits for many years after its reception. The liberal 
donor, a farmer near New Haven, by this and other more im- 
portant gifts, placed himself foremost among all the benefactors 
of the college up to that time, and Mr. Silliman was the medium 
through whom his benefactions were bestowed. The Trumbull 
Gallery of Paintings, a collection of priceless value, not only 
as works of art but also as illustrations of American history 
and biography, was secured to the college through the same 
enlightened instrumentality.' The Medical Institution of Yale 
College and the Sheffield. School of Science, important branches 
of the University, were both greatly aided in their beginnings 
by the influential exertions put forth by Professor Silliman. 
He was one of the chief founders of the Alumni association of 
the college, and at their anniversaries and on other occasions, he 
was, as another has said, "the standing ^orator' of the college, 

* It is an interesting fact that as early as 1842, Prof. SiUiman, in his Alumni ad- 
dress, pointed out the need of another edifice for the Fine Arts, or an extension of 
Cho TrumbuU Oallery, at no distant day. This want is about to be supplied hv the 
liberality of an alumnus of the college. Brof. Silliman was prevented by illneM, 
a week oefore his decease, from taking a {>ublic part in the exercises of laying the 
.comer skme of the proposed structure. 
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the principal medium between those who dwelt in the academic 
shade and the great public." Not unfrequently he was the col- 
lege solicitor, asking funds for the expansion of the institution, 
and never asking in vain. 

Although his services as a college oflScer were great, Prof. Sil- 
liman's strongest claim to the gratitude of men of science rests 
upon the establishment, and the maintenance, often under very 
discouraging circumstances, of the "American Journal of Sci- 
ence." The history of this undertaking has already been given, 
in his own words, in the introduction to the 50th or Index vol- 
ume of the First series of the Journal ; and it is for others, rather 
than for us, to give an estimate of his editorial services. It is but 
just, however, to call attention to a few circumstances, which 
all will regard as creditable to its founder. 

He had the sagacity to foresee, as long ago as 1818,* the scope 
which such a magazine should take. The prospectus which he 
then wrote is applicable almost exactly to our pages to-day. 
Experience has established the wisdom of the course which he 
marked out 

He maintained the Journal, from the beginning, at his own 
pecuniary risk. Its publication has often, been a serious finan- 
cial burden, and in its most prosperous days has not yielded 
a fair return for editorial labor. But it has been continued, at 
this personal inconvenience, for the sake of American science, 
that the labors of our countrymen might be made known abroad, 
and the labors of Europeans understood in this country. 

The Journal has never been used for the benefit of any party 
or individual, but solely for the advancement and diffusion of 
scientific truth. Its pages have been always open to free scien- 
tific discussion, with truth as the single end in view. 

The original investigations of Prof Silliman are not numerous. 
In the early part of his career he began with energy some im- 
portant experiments and researches. He undertook a geological 
survey of Connecticut; he published a paper in conjunction 
with Prof. Kingsley on the famous Weston meteorite ; he ap- 
plied the newly invented blowpipe of his friend. Dr. Hare, to 
the fusion of a variety of bodies, which were before regarded as 
infusible ; he demonstrated in the galvanic battery tlie transfer 
of particles of carbon from one charcoal point to the other ; 
he made scientific examinations of various localities interesting 
in their geological or mineralogical aspects. But he was too 
much needed elsewhere to be allowed to remain a close student 
in the laboratory, or to engage with constancy as an explorer in 
the field of geological research. He has probably been a more 
useful man in the wider spheres of influence to which he was 
called than he could have been in a life devoted to scientific in- 
vestigation. 
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Daring a considerable part of his life, he was one of the few 
men in the country who could hold a popular audience with a 
lecture on science. The public early knew of his capabilities, 
and for many years he yielded to invitations from various parts 
of the country to deliver lectures on Geology and Chemistry. 
In 1833 he gave his first popular course on Geology at New 
Haven, which was repeated in 1834 at Hartford and Lowell, and 
in 1836 at Boston and Salem. At Boston, the audience desiring 
to attend was so much larger than the largest hall would hold, 
that each lecture was given twice for the accommodation of the 
public. From 1840 to 1843 inclusive, he gave four successive 
courses of the *' Lowell Lectures'' in Boston. Besides various 
other engagements in the Northern and Eastern states, he went 
in 1847 Dy invitation to New Orleans, and on his way appeared 
before crowded audiences in other cities of the South ; and five 
vears after the resignation of his professorship in college, when 
ne had passed his 76th year, he made the long journey to St. 
Louis, in obedience to a call for a course of lectures from the 
citizens of that place. 

In lecturing, his language was simple — his flow of words easy, 
generous and appropriate — his style animated, abounding in life- 
like and well-aaorned description, often eloquent, and sometimes 
varied with anecdote running occasionally into wide digressions. 
His manner was natural, and every feature spoke as well as his 
mouth ; his noble countenance and commanding figure (he was 
nearly six feet in height, with a well-built frame) often called 
forth, as he entered the lecture hall, the involuntary applause of 
his audience. 

In his popular courses he often lectured on the subject of 
" Geology and Genesis," and as he was widely known not only 
as a man of science, but as a sincere believer in the sacred Scrip- 
tures, he greatly aided in removing from the religious world the 
apprehension that science and religion were hostile in their 
teachings. 

Mr. SiUiman found great pleasure in helping forward other 
tnen of science. He rejoiced heartily in their progress ; his 
house and his laboratory were always open to receive them, 
and if a friendly word or letter from him could advance their 
interests, he was ever ready to bestow it. He also felt a deep 
•concern for the advancement of scientific investigations in every 
part of the country, and whenever, in halls of legislation, or 
before the public, the name of Benjamin SiUiman would ad- 
vance a useful project, it was not withheld. In more than one 
instance, the foreigner, or the exile, remembers his kindness 
with almost filial devotion. 

Pro£ Silliman's scientific publications, apart from his contri- 
butions to this journal, were chiefly text-books. He edited 
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Henry's Chemistry and Bakewell's (geology, for the use of his 
pupils, and also published a work on Chemistry, in two volumes. 

His long labors for science brought him honors from all parts 
of the world. His name is on the roll of several of the prin- 
cipal scientific Academies or Societies of Europe, and of those 
of his own country. He was one of the original members of the 
National Academy of Sciences, and a Begent of the Smithsonian 
Institution. 

Aside from Professor Silliman's influence as an oflScer of Yale 
College, and as a well known man of science, his personal hold 
upon the community at large was remarkably strong. This was 
due somewhat to the favor with which his popular lectures were 
received, and to the wide circuit over which he had journeved. 
It was also owing in part to the pleasure and instruction which 
were afforded by his books of travel. Twice, as we have stated, 
Professor Silliman visited Europe, the interval between his jour- 
neys being nearly fifty years. Both these visits led to the pub- 
lication of his observations in volumes which were widely read. 
The narrative of his earlier journey especially was received by 
the public with great delight. Few Americans then went 
abroad ; and hardly any had published narratives of what they 
had seen. Mr. Silliman's volumes were fascinating to young and 
old, — and many were the testimonials which he received of the 
interest thus awakened in European institutions and manners. 
His Journal of a Tour to Canada was another contribution to the 
literature of the day. 

But the general influence of Mr. Silliman must be attributed 
to his personal character rather than to any of what may be 
termed the accidental circumstances of his life. He was a man 
of vigorous understanding and sound judgment, led on, but 
never carried away, by an enthusiastic disposition, glowing and 
constant With this was associated sterling integrity, which 
never harbored a selfish or dishonorable purpose, but rejoiced in 
doing and encouraging whatever was right. Every one could 
trust him. These fundamental traits were adorned by the out- 
ward qualities of affability and courtesy, or rather were expressed 
in manners at once so dignified and so kind that all with whom 
he came in contact were charmed at once, and on closer inter- 
course were bound to him as friends for life. Such friendships 
he never neglected or forgot. Even the sons and the grand- 
sons of his early associates inherited a share in the regard which 
he had bestowed upon their parents. Blending with and enno- 
bling all these virtues, was the child-like simplicity of his Chris- 
tian faith. 

A character like this shines the brighter the nearer it is seen. 
In his own family circle, Mr. Silliman has moved for years as 
a patriarch, surrounded by his descendants to the third and 
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fourth generation. The very house which he occupied haa be- 
come historic, reflecting in its arrangements, its family portraits, 
its interesting mementos of absent friends, and its long shelves 
of books, the controlling mind which has dwelt there. 

In the neighborhood and town where he resided, Mr. Silliman 
was peculiarly beloved and respected. " New Haven will not 
be New Haven without him," said more than one of his associ- 
ates, as he heard of his death. His hand was always open to the 
needy. He was given to hospitality. He frequently took part 
in public meetings, and was actively concerned in all questions 
of local improvement. He rarely, if ever, failed to discharge 
his duties as a citizen at the polls, and was always ready to ex- 
press his opinions on questions of public policy. 

A whole-souled patriot, he viewed with the deepest interest 
the complications brought into the affairs of the country by the 
system of slaVery. His general benevolence ever led him to 
sympathize with the oppressed, and the wrongs of the African 
touched him deeply. We cannot better indicate his feelings on 
this subject than by quoting a few sentences from his private 
journal under the date of April, 1850. After mentioning the 
death of the champion of what have been called " Southern 
rights," John C. Calhoun, his former pupil and friend, he gives 
a brief sketch of his character, concluding as follows : 

^His public career has been highly distinguished. It is, however, 
very much to be regretted that he, many years ago, narrowed down his 
great mind to sectional views, and that he became morbidly sensitive and 
jealous of encroachment as regards the South, especially in reference to 
the protective tariff and to slavery. The former prompted his efforts for 
nullification, and the latter excited him to a vindication of slavery in the 
abstract. He, in a great measure, changed the state of opinion and the 
manner of speaking and writing upon this subject in the South, until we 
have come to present to the world the mortifying and disgraceful specta- 
cle of a great republic — and the only real republic in the world — stand- 
ing forth in vindication of slavery, without prospect of, or a wish for, its 
extinction. If the views of Mr. Calhoun, and of those who think with 
him, are to prevail, slavery is to be sustained on this great continent for- 
ever. I will not occupy my pages with any extended remarks upon this 
subject which is now agitating the national councils, and to a degree the 
nation itself. * * * Jt [the great question] is in better hands than 
man^s; and I trust ultimately the colored men of all races on this conti- 
nent will be received into the great human family as rational beings and 
as heirs of immortality." 

As soon as the atrocities in Kansas revealed the determina- 
tion of the advocates of slavery to perpetuate and extend that 
institution, even if they dissevered or destroyed the nation, Mr. 
Silliman came out with all his youthful ardor, and with the in- 
fluence of his years and reputation, as the opponent of the slave- 
power. He thus became the object of personal defamation, even 
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in the Senate chamber at Washington ; but he still remained 
firm, for he recognized in this war a slaveholder's rebellion. 
All the lofty sentiments of patriotism which were awakened in 
childhood, as he witnessed the commencement of national life, 
were intensified by this struggle to maintain the Union. He 
was sure that the nation would be purified by the conflict, and 
liberty established through all the land. 

Mr. Silliman has always been remarkable for uniform good 
health, and in his later years manifested but slightly the en- 
croachments of age. To the last, his form was as erect, his brow 
as serene, and his features as full of life and cheerfulness as in 
his earlier days ; and his gait was only a little slower and more 
cautious. 

He continued as usual until the middle of November just past, 
when he was for a few days quite unwell, probably as an imme- 
diate consequence of exposure to cold in attending an evening 
meeting in behalf of the Sanitary Commission. He had gradu- 
ally, to appearance, regained nearly his former strength during 
the following week, and, on Wednesday, was intending to join 
the family Thanksgiving festival the next day at the house of 
his son-in-law. Prof. Dana. On the morning of that day, Nov. 
24th, he awoke early, after a night of quiet rest, feeling stronger, 
as he said, than he had done for some days. He spoke with his 
wife of the many reasons there were for thankfulness, both pub- 
lic and private, dwelling at length upon the causes for national 
gratitude, especially in the recent re-election to the Presidency 
of a man who had proved himself so true, so honest, so upright 
in conducting the affairs of the government as Mr. Lincoln. As 
was his custom, while still in his bed, he offered up a short 

Erayer, and repeated a familiar hymn of praise. In resuming 
is conversation, before rising, he spoke of the possibility of his 
attending the public services of the day, of the happiness of his 
home, of the love of his children, and, in strong terms of en- 
dearment, of his wife. Just as these his last words of love were 
uttered, there was a sudden change of countenance, a slightly 

heavier breath and he was gone. At the advanced age of 85, 

life to him was still beautiful ; and not less so was its close. 

His sun set in the blessedness of the Christian's faith, to rise on 

a brighter morrow. 

Am. Joub. Sol— Sbcowd Sbhibs, Vol. XXXIX, No. 115.— Jan., 1865. 
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Art. n. — Notice of the Exphraiions of the Geological Survey of 
California^ in the Sierra Nevada^ during Vie summer* of 1864. 

In the September number of this Journal (vol. xxxviii, page 
298) a notice was inserted giving a sketch of the explorations of 
the Geological Survey of California in the High Sierra about 
the heads of King's and Kern rivers (latitude 36° 30' to 37°). 
It was mentioned that Mr. King had, on the 6th of July, ascended 
a peak over 14,000 feet high, and that he was about to make an 
attempt to reach a point still higher, which was one of two in 
sight from, and higher than, the peak he had just been on. 
Since the last number of the Journal was issued, some further 
particulars have been received with regard to the peak ascended 
on the 6th of July, to which the name of Mt. Tyndall was given, 
and also a brief account of the attempt made to get on to the 
highest points. 

The ascent of Mt. Tyndall was a very difi&cult and dangerous 
one; but the summit was reached without accident either to Mr. 
King or his companion, although the trip required that sev- 
eral nights should be spent at an elevation of over 12,000 feet, 
of course without fire, and with but scanty covering. From 
the summit of Mt. Tyndall, which is considerably over 14,000 
feet high, there appeared two other peaks of equal elevation and 
two still higher, all within a distance of seven miles of thisw Mr. 
King says, **of the two highest, one rose close by, being hardly 
a mile away ; it is an inaccessible bunch of needles. The other 
was equally inaccessible from any point on the north or west 
side. The first-mentioned was about 160 feet above us, the other 
was six or seven miles distant and I should think fully 350 feet ' 
higher than the peak we were on. Within our field of view 
were five mountains over 14,000 feet and about fifty over 13,000. 
The five highest peaks are all in the eastern ridge. Owen's val- 
ley, a brown sage plain, lies 10,000 feet below on the one side, 
and Kern canon, once the rocky bed of a grand old glacier, 
4000 feet down on the other. About fifteen miles north of here, 
King's river cuts through the western ridge and turns at a right 
angle toward the plain. North of this point, again, the two 
great ridges unite in a grand pile of granite mountains, whose 
outlines are all of the most rugged and fantastic character. 
Twenty-five miles south, the high group ends, there (certainly 
for a breadth of sixty miles) forming one broad, rolling, forest- 
covered plateau, 8000 to 9000 feet in elevation." 

" From Mt. lirewer to Kaweah Peak, the two culminating 

points of the western ridge, for a distance of fifteen miles, there is 

nothing that can be called a separate mountain: it is, rather, a 

great mural ridge, capped by small sharp cones and low ragged 

domes, all covered with little minaTela. M o\ie ^lace the ridge 



Explorations in the Sierra Nevada. 1 1 

forrbfl a level table; upon this lies an unbroken cover of snow. 
To the eastward, all this rangCj from King's river gateway to 
Kaweah Peak, presents a series of blank, almost perpendicular 
precipices, broken every mile or so by a bold granite buttress. 
JBetween these are vast snow fields, and also numberless deep 
lakes, of which the most elevated are frozen." 

"The few Pinus contorta, and the groves of our new pine* 
have a peculiar black color, or, rather, dark bluish-green, which 
rather augments than relieves the desolate, naked aspect of 
things." "The only bits of bright color to break the solemn 
monotony of granite and snow are the blue lakes, which lie eve- 
rywhere in the ancient glacier beds." 

"Par away in the north there is a broad red band in the gran- 
ite ; other than that, all is gray. Beyond Owen's valley is a low 
desert range. The Coso and Inyo mountains are in plain sight." 
" To the eastward, parallel ridges, one beyond another, "lie 
stretched before you, rigid and stony. They have the same 
aspect as the mountains near Washoe, the same brown color, 
with red and yellow shadings." 

"Nearly due north, fifty or sixty miles distant, rises a lofty 
group of mountains, which culminates in a white cone. This must 
be very high, for unbroken snow covers fully two thousand feet 
on the south side of the peak, while even the highest mountains 
in our group have no snow except on the north flank. These are 
probably the * White Mountains. I venture 14,600 feet as a guess 
at the probable elevation of the highest point in the group." 

The White mountains, of which Mr. King speaks, in the ex- 
tract cited above, lie just on the borders of California and Ne- 
vada, in about Ion. 118°, lat. 37° 80' ; they were distinctly visi- 
ble to us from Mt. Dana and the other high peaks near Mono 
lake. It is doubtful whether the highest points are within the 
State of California; but they are probably very near the line on 
one side or the other. As it is by no means impossible, although 
I do not consider it probable, that some points of this range of 
mountains are higher than any yet measured or ascended by our 
•parties, we still have to remain for some time in uncertainty as 
to whether California can claim the highest elevations in the 
countrjr as within her borders; we can, at least, say that the 
highest measured ones are. 

The ascent of Mt. Tyndall was a successful one, the party re- 
turning to camp at the end of the fifth day, with bones and bar- 
ometers unbrofeen, although several very narrow escapes are 
briefly mentioned in Mr. King's notes. 

It appears from Mr. Brewer's notes, that Mr. King's baromet- 
rical measurements of Mt. Tyndall would make that mountain 
above the height of Mt. Shasta, or over 15,090 feet, Mt. Shasta 
being 14,440. The height of Visalia, which is the plane of 

' A new and not yet named speciea discovered by the Survey dux\n^ VXi\a V.x\^. 
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reference for all our observations this year in the High Sierra, 
has not yet been as accurately determined as it will be after a 
longer series of observations has been worked up, this place 
having been, during the past summer, and still continuing to be, 
one of Major Williamson's stations. 

Not satisfied with the former attempt to reach the highest 

5eak of the Sierra, Mr. King made another, starting from Visalia, 
uly 14th, with the intention of following the Owen's lake and 
Visalia trail, and endeavoring to reach the culminating point 
from somewhere on this route. This trail leads up the Kaweah 
river, following up the South fork, from its junction with the 
middle fork of the same river. Full particulars of this recon- 
noissance have not yet come to hand ; but from letters lately 
received, it appears that the base of the high point toward which 
his efforts were directed was, with difficulty, reached ; but that 
the actual summit of the peak was found to be inaccessible— at 
least from any direction except that of Owen's valley, and prob- 
ably not to be scaled from that side. The highest point attained 
by Mr. King on this trip was 14,369 feet above Visalia, which 
place is approximately 3(50 feet above the sea level, making the 
total height 14,729 feet, which is considerably above Mt. Shasta. 
But Mr, King was not, by estimate, within 300 or 400 feet of the 
summit, so that it appears that the elevation above the sea-level 
of this, so far as known, the culminating point of the Sierra 
Nevada cannot fall short of 15,000 feet.* 

In the mean time, the main party, under Professor Brewer, 
made an attempt to work up the topography of this portion of 
the Sierra north to the Merced river, by keeping along at a high 
altitude, on the west side of the main ridge; but, after many 
perilous and laborious attempts, they found the ridges between 
the north and south forks of King's river to be impassable, so 
that they were obliged to cross the summit of the Sierra and 
descend into Owen's valley, in order to get north in that valley, 
and by crossing back on some other pass to reach the region of 
the head-waters of the San Joaquin. The pass by. which the 
Sierra was crossed, going into Owen's valley, was about 11,60(> 
feet high, all the region about the summit being exceedingly 
rough, sharp peaks of granite rising 2,600 feet or more above 
the pass on both sides. The party travelled for three days up 
Owen's valley, then turned and crossed the Sierra, by an old 
Indian foot-trail, to the head-waters of the San Joaquin, the 
summit of the pass being just about 12,000 feet high, and the 
«nountains on each side 1,000 to 1,200 feet higher 

From here the party made their way to Clark's ranch, betweea 
the Mariposa estate and the Yo-semite, through many privations 
and some perils, but without serious accident to life or limb. 

' To tbia peak the name of Mount Whitney waa gWon by Messrs. Breweff King 
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The result of the summer's reconnoissance has been that a 
general idea is secured of the topography of a region about as 
large as Massachusetts, lying wholly within the State of Cali- 
fornia, and of which nothing whatever was known previously to 
this. That mountain peaks should be found in this part of the 
State, higher than any known to exist in the United States, is a 
discoverv equally interesting and unexpected. The details of 
this exploration will furnish many facts of great geological and 
geographical interest. j. D. w, 

Northampton, Mass., Oct. 16, 1864. 



Art. III. — On the Mineral Water's of Bath and other hot springs^ 
and their Geological effects; by Sir Charles Lyell, Bart.* 

* * * * What renders Bath a peculiar 

point of attraction to the student of natural phenomena is its 
thermal and mineral waters, to the sanatory powers of which 
the city has owed its origin and celebrity. The great volume 
and high temperature of these waters render them not only 
unique in our island, but perhaps without a parallel in the rest 
of Europe, when we duly take into account their distance from 
the nearest region of violent earthquakes or of active or extinct 
volcanos. The spot where they issue, as we learn from the re- 
searches of the historian and antiquary, was lonely and desert 
when the Eomans first landed in this island, but in a few years 
it waH converted into one of the chief cities of the newly con- 
quered province. On the site of the hot springs was a large 
morass, from which clouds of white vapor rose into the air; and 
there first was the spacious bath-room built, in a highly orna- 
mental style of architecture, and decorated with columns, pilas- 
ters, and tessellated pavements. By its side was erected a 
splendid temple dedicated to Minerva, of which some statues 
and altars, with their inscriptions, and ornate pillars are still to 
be seen in the Museum of this place. To these edifices the 
quarters of the garrison, and in the course of time the dwellings 
of new settlers, were added ; and they were all encircled by a 
massive wall, the solid foundations of which still remain. 

A dense mass of soil and rubbish, from 10 to 20 feet thick, 
now separates the level on which the present city stands from 
the level of the ancient Aquae Solis of the Eomans. Digging 
through this mass of heterogeneous materials, coins and coffins 
of the Saxon period have been found; and lower down, begin- 
ning at the depth of from 12 to 15 feet from the surface, coins 
have been disinterred of Imperial Rome, bearing dates from the 
reign of Claudius to that of Maximus in the fifth century. Be- 

^ From the inaugural address at the opening of the meeting o{ the Bxvlv^ £k»tf^> 
cution at Bath, Sept 14, 1864. 
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-aesth the whole, are occasionally seen tesselated parements still 
retaining their bright colors^ one of which, on the site of the 
Mineral-water Hospital^ is still carefally preaerred, affording us 
an opportunity of ganging the difference of leyel of ancient and 
modem Bath. 

• 

One of oar former Presidents, Dr. Daubeny, has remarked that 
nearly all the most celebrated hot springs of Earope, snch as 
those of Aix-Ia-Chapelle, Baden-Baden, Naples, Aovergne, and 
the Pyrenees, haye not declined in temperature since the days of 
the Bomans ; for many of them still retain as great a heat as is 
tolerable to the hnman body, and yet when eoiployed by the 
ancients they do not seem to have reqaired to be first cooled 
dowm by artificial means. This nnitormity of temperature, 
maintained in some places for more than 2000 years, together 
with the constancy in the volume of the water, which never va- 
ries with the seasons, as in ordinary springs, the identity also of 
the mineral ingredients which, century after century, are held 
by each spring in solution, are striking facts, and they tempt us 
irresistibly to speculate on the deep subterranean sources bolh 
of the heat and mineral matter. How long has this uniformity 
prevailed? Are the springs really ancient in reference to the 
earth's history, or, like the courses of the present rivers and the 
actual shape of our hills and valleys, are they only of high an- 
tiquity when contrasted with the brief space of human annals? 
May they not be like Vesuvius and Etna, which, although they 
have be^ adding to their flanks in the course of the last 2000 
years many a stream of lava and shower of ashes, were still 
mountains very much the same as they now are in height and 
dimensions from the earliest times to which we can trace back 
their existence? Yet although their foundations are tens of 
thousands of years old, they were laid at an era when the Medi- 
terranean was already inhabited by the same species of marine 
shells as those with which it is now peopled ; so that these vol- 
canos must be regarded as things of yesterday in the geological 
calendar. 

Notwithstanding the general persistency in character of min- 
eral waters and hot springs ever since they were first known to 
us, we find on inquiry that some few of them, even in historical 
times, have been subject to great changes. These have hap- 
pened during earthquakes which have been violent enough to 
disturb the subterranean drainage and alter the shape of the 
fissures up which the waters ascend. Thus, during the great 
earthquake at Lisbon in 1755, the temperature of the spring 
called La Source de la Reine at Bagn^res de Luchon, in the 
Pyrenees, was suddenly raised as much as 75° F., or changed 
from a cold spring to one of 122° F., a heat which it has since 
netained. It is also recorded that the hot springs at Bagn^res 
de Bigorre, in the same mountain-chain, \>^^^x£i!& ^Mdd&wl^ cold 
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luring a great earthquake which, ia 1660, threw down several 
louses in that town. 

It has been ascertained that the hot springs of the Pyrenees, 
the Alps, and many other regions, are situated in lines along 
ivhich the rocks have been rent, and usually where they have 
been displaced or " faulted." Similar dislocations in the solid 
3rust of the earth are generally supposed to have determined the 
spots where active and extinct volcanos have burst forth; for 
several of these often affect a linear arrangement, their position 
seeming to have been determined by great lines of fissure. An- 
other connecting link between the volcano and the hot spring is 
recognizable in the great abundance of hot springs in regions 
^here volcanic eruptions still occur from time to time. It is 
ilso in the same districts that the waters occasionally attain the 
3oiling-temperature, while some of the associated stufas emit 
jteam considerably above the boiling-point. But in proportion 
IS we recede from the great centres of igneous activity, we find 
the thermal waters decreasing in frequency and in their average 
beat, while at the same time they are most conspicuous in those 
territories where, as in Central France or the Eifel in Germany, 
there are cones and craters still so perfect in their form, and 
streams of lava bearing such a relation to the depth and shape 
of the existing valleys, as to indicate that the internal fires have 
become dormant in comparatively recent times. If there be ex- 
ceptions to this rule, it is where hot springs are met with in parts 
of the Alps and Pyrenees which have been violently convulsed 
by modern earthquakes. 

To pursue still further our comparison between the hot spring 
and the volcano, we may regard the water of the spring as re- 
presenting those vast clouds of aqueous vapor which are copi- 
ously evolved for days, sometimes for weeks, in succession from 
craters during an eruption. But we shall perhaps b0 asked 
whether, when we contrast the work done by the two agents in 
(question, there is not a marked failure of analogy in one respect 
—namely a want, in ' the case of the hot spring, of power to 
raise from great depths in the earth voluminous masses of solid 
matter corresponding to the heaps of scoriae and streams of lava 
which the volcano pours out on the surface. To one who urges 
such an objection it may be said that the quantity of solid as 
well as gaseous matter, transferred by springs from the interior 
of the earth to its surface, is far more considerable than is com- 
monly imagined. The thermal waters of Bath are far from be- 
ing conspicuous among European hot springs, for the quantity of 
mineral matter contained in them in proportion to the water 
which acts as a solvent ; yet Professor Eamsay has calculated 
that if the sulphates of lime and soda, and the chlorids of so- 
dium and magnesium, and the other mineral ingredients which 
they contain, were solidified, they would foTm in ou^ ^^w: ^^ 
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square column 9 feet in diameter, and no less than 140 feet in 
height. All this matter is now quietly conveyed by a stream of 
limpid water, in an invisible form, to the Avon, and by the Avon 
to the sea; but if, instead of being thus removed, it were de- 
posited around the orifice of eruption, like the siliceous layers 
which encrust the circular basin of an Icelandic geyser, we 
should soon see a considerable cone built up, with a crater in the 
middle; and if the action of the spring were intermittent, so 
that ten or twenty years should elapse between the periods when 
solid matter was emitted, or (say) an interval of three centuries, 
as in the case of Vesuvius between 1306 and 1631, the discharge 
would be on so grand a scale as to afford no mean object of com- 
parison with the intermittent outpourings of a volcano. 

Dr. Daubeny, after devoting a month to the analysis of the 
Bath waters, in 1833, ascertained that the daily evolution of ni- 
trogen gas amounted to no less than 250 cubic feet in volume. 
This gas, he remarks, is not only characteristic of hot springs, 
but is largely disengaged from volcanic craters during eruptions. 
In both cases, he suggests that the nitrogen may be derived from 
atmospheric air, which is always dissolved in rain-water, and 
which, when this water penetrates the earth's crust, must be car- 
ried down to great depths, so as to reach the heated interior. 
When there, it may be subjected to deoxydating processes, so 
that the nitrogen, being left in a free state, may be driven up- 
ward by the expansive force of heat and steam, or by hydro- 
static pressure. This theory has been very generally adopted, 
as best accounting for the constant disengagement of large bodies 
of nitrogen, even where the rocks through which the spring 
rises are crystalline and unfossiliferous. It will, however, of 
course be admitted, as Professor Bischof has pointed out, that 
in some places organic matter has supplied a large part of the 
nitrogen evolved. 

Carbonic acid gas is another of the volatilized substances dis- 
charged by the Bath waters. Dr. Gustav Bischof, in the new 
edition of his valuable work on chemical' and physical geology, 
when speaking of the exhalations of this gas, remarks that they 
are of universal occurrence, and that they originate at great 
depths, becoming more abundant the deeper we penetrate. He 
also observes that, when the silicates which enter so largely into 
the composition of the oldest rocks are percolated^ by this gas, 
they must be continually decomposed, and the carbonates formed 
by the new combinations thence arising must often augment the 
volume of the altered rocks. This increase of bulk, he says, 
must sometimes give rise to a mechanical force of expansion ca- 
pable of uplifting the incumbent crust of the earth ; and the 
same force may act laterally, so as to compress, dislocate, and tilt 
the strata on each side of a mass in which the new chemical 
changes are developed. The calculalions ma.de by this eminent 
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German chemist of the exact amount of distention which the 
origin qf new mineral products may cause, by adding to the 
volume of the rocks, deserve the attention of geologists, as af- 
fording them aid in explaining those reiterated oscillations of 
level — those risings and sinkings of land — which have occurred 
on so grand a scale at successive periods of the past. There are 
probably many distinct causes of such upward, downward, and 
lateral movements, and any new suggestion on this head is most 
welcome ; but I believe the expansion and contraction of solid 
rocks, when they are alternately heated and cooled, and the 
fusion and subsequent consolidation of mineral masses, will con- 
tinue to rank, as heretofore, as the most influential causes of such 
movements. 

The temperature of the Bath waters varies in the different 
springs from 117° to 120° P. This, as before stated, is excep- 
tionally high, when we duly allow for the great distance of Bath 
from the nearest region of active, or recently extinct, volcanos 
and of violent earthquakes. The hot springs of Aix-la-Chapelle 
have a much higher temperature, viz. 135° P., but they are sit- 
uated within forty miles of those cones and lava-streams of the 
Eifel which, though they may have spent their force ages before 
the earliest records of history, belong, nevertheless, to the most 
modern geological jperiod. Bath is about 400 miles distant from 
the same part of Germany, and 440 from Auvergne — another 
volcanic region, the latest eruptions of which were geologically 
coeval with those of the Eifel. When these two regions in 
France and Germany were the theaters of frequent convulsions, 
we may well suppose that England was often more rudely sha- 
ken than now ; and such shocks as that of October last, the 
sound and rocking motion of which caused so great a sensation 
as it traversed the southern part of the island, and seems to have 
been particularly violent in Herefordshire, may be only a lan- 
guid reminder to us of a force of which the energy has been 
gradually dying out. 

If you consult the geological map of the environs of this city, 
colored by the Government surveyors, you will perceive that nu- 
merous lines of fault or displacement of the rocks are there laid 
down, and one of these has shifted the strata vertically as much 
as 200 feet. Mr. Charles Moore pointed out to me last spring, 
when I had the advantage of examining the geology of this 
district under his guidance, that there are other lines of dis- 
placement not yet laid down on the Ordnance Map, the existence 
of which must be inferred from the different levels at which the 
same formations crop out on the flanks of the hills to the north 
and south of the city. I have therefore little doubt that the 

I Bath springs, like most other thermal waters, mark the site of 
some great convulsion and fracture which took place in the crust 
iH. JouB. Sol— SJscoirD Bebies, Vol. XXXIX, Ko. 115.— JAii.^ldl^. 
3 
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of the earth at some former period — perhaps not a very reniote 
one, geologically speaking. The uppermost part of ihe rent 
through which the hot water rises is situated in horizontal strata 
of Lias, and Trias, 300 feet thick; and this may be more mod- 
ern than the lower part, which passes through the inclined and 
broken strata of the subjacent Coal-measures, which are uncon- 
formable to the Trias. The nature and succession of these rocks 
penetrated by the Bath waters was first made out by the late 
William Smith, in 1817, when a shaft was sunk in the vicinity 
in search for coal. The shock which opened a communication 
through the upper rocks may have been of a much later date 
than that whicn fractured the older and underlying strata; for 
there is a tendency in the earth's crust to yield most readily 
along lines of ancient fracture, which constitute the points of 
least resistance to a force acting from below. 

If we adopt the theory already alluded to, that the nitrogen 
is derived from the deoxydation of atmospheric air carried down 
by rain-water, we may imagine the supply of this water to be 
furnished by some mountainous region, perhaps a distant one, 
and that it descends through rents or porous rocks till it encoun- 
ters some mass of heated matter by which it is converted into 
steam and then driven upward through a fissure. In its down- 
ward passage, the water may derive its sulphate of lime, chlorid 
of calcium, and other substances from the decomposition of the 
gypseous, saline, calcareous and other constituents of the rocks 
which it permeates. The greater part of the ingredients are 
common to sea-water, and might suggest the theory of a ma,rine 
origin ; but the analysis of the Bath springs by Merck and Gal- 
loway shows that the relative proportion of the solid matter is 
far from agreeing with that of the sea, the chlorid of magne- 
sium being absolutely in excess, that is, 14 grains of it per gal- 
lon for 12 of common salt; whereas in sea-water there are 27 
grains of salt, or chlorid of sodium, to 4 of the chlorid of 
magnesium. That some mineral Springs, however, may derive 
an inexhaustible supply through rents and porous rocks, from 
the leaky bed of the ocean, is by no means an unreasonable the- 
ory, especially if we believe that the contiguity of nearly all 
the active volcanos to the sea is connected with the access of 
salt water to the subterranean foci of volcanic heat. 

Professor Roscoe, of Manchester, has been lately engaged in 
making a careful analysis of the Bath waters, and has discovere(j 
in them three metals which they were not previously known to 
contain — namely, copper, strontium, and lithium; but he has 
.searched in vain for caesium and rubidium, those new metals, the 
existence of which has been revealed to us in the course of the 
last few years by what is called spectrum analysis. By this new 
method; the presence of infinitesimal quantities, such as would 
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have wholly escaped detection by ordinary tests, are made known 
to the eye by the agency of light. Thus, for example, a solid 
substance such as the residue obtained by evaporation from a 
mineral water is introduced on a platinum wire into a colorless 
gas-flame. The substance thus volatilized imparts its color to 
the flame, and the light, being then made to pass through a 
prism, is viewed through a small telescope or spectroscope, as it 
is called, by the aid of which one or more bright lines or bands 
are seen in the spectrum, which, according to their position and 
color, indicate the presence of different elementary bodies. 

Professor Bunsen, of Heidelberg, led the way, in 1860, in the 
application of this new test to the hot waters of Baden-Baden 
and of Diirkheim in the Palatinate. He observed in the spec- 
trum some colored lines of which he could not interpret the 
meaning, and was determined not to rest till he found out what 
they meant. This was no easy task, for it was necessary to 
evaporate fifty tons of water to obtain 200 grains of what proved 
to be two new metals. Taken together, their proportion to the 
water was only as one to three million. He named the first 
caesium, from the bluish-gray lines which it presented in the 
spectrum; and the second, rubidium, from its two red lines. 
Since these successful experiments were made, thallium, so called 
from its green line, was discovered in 1861 by Mr. Crooks; and 
a fourth metal, named indium, from its indigo colored band, was 
detected by Professor Richter, of Freiberg, in Saxony, in a zinc 
ore of the Hartz. It is impossible not to suspect that the won^ 
derful efficacy of some mineral springs^ both cold and thermal, 
in curing diseases^ which no artificially prepared waters have as 
yet been able to rival, may be connected with the presence of 
one or more of these elementary bodies previously unknown ; 
and some of the newly found ingredients, when procured in lar- 
ger quantities, may furnish medical science with means of com- 
bating diseases which have hitherto baffled all human skill. 

While I was pursuing my inquiries respecting the Bath wa- 
ters, I learned casually that a hot spring had been discovered at 
a great depth in the copper mine near Redruth, in Cornwall, 
having about as high a temperature as tliat of the Bath waters, 
and of which, stranj^e to say, no account has yet been published. 
It seems that, in the year 1839, a level was driven from an old 
shaft so as to intersect a rich copper-mine at the depth of 1350 
feet from the surface. This lode 6r metalliferous fissure* occur- 
red in what was formerly called the United Mines, and which 
have since been named the Clifford Amalgamated Mines. 
Through the contents of the lode a powerful spring of hot wa- 
ter was observed to rise, which has continued to flow with undi- 
minished strength ever since. At my request, Mr. Horton Da- 
vey, of Redruth, had the kindness to send up to London many 
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gal lons of this water, wbich have been analyzed by Professor 
William Allen Miller, F.E.S., who finds that the quantity of 
solid matter is so great as to exceed by more than four times 
the proportion of that yielded by the Bath waters.' Its compo 
sition is also in many respects very different ; for it contains but 
little sulphate of lime, and is almost free from the salts of mag- 
nesium. It is rich in the chlorids of calcium and sodium^ and 
it contains one of the new metals — caesium, never before detec- 
ted in any mineral spring in England; but its peculiar charac- 
teristic is the extraordinary abundance of lithium, of which a 
mere trace had been found by Professor Eoscoe in the Bath wa- 
ters ; whereas in this Cornish hot spring this metal constitutes 
no less than a twenty-sixth part of the whole of the solid con- 
tents, which, as before stated, are so voluminous. When Pro- 
fessor Miller exposed some of these contents to the test of spec- 
trum analysis, he gave me an opportunity of seeing the beau- 
tiful bright crimson lines which the lithium produces in the 
spectrum. 

Lithium was first made known in 1817 bv Arfvedson, who 
extracted it from petalite ; and it was believed to be extremely 
rare, until Bunsen and KirchhoflT, in 1860, by means of spectrum 
jaualysis, showed that it was a most widely difi^used substance, 
existing in minute quantities in almost all mineral waters, and 
in the sea, as well as in milk, human blood, and the ashes of 
some plants. It has already been used in medicine, and we may 
therefore hope that, now that it is obtainable in large quantities, 
and at a much cheaper rate than before the Wheal-Clifford hot 
spring was analyzed, it may become of high value. According 
to a rough estimate which has been sent to me by Mr. Davey, 
the Wheal-Clififbrd spring yields no less than 250 gallons per 
minute, which is almost equal to the discharge of the King's 
Bath or chief spring of this city. As to the gases emitted, they 
are the same as those of the Bath water — namely carbonic acid, 
oxygen, and nitrogen. 

Mr. Warington Smyth, who had already visited the Wheal- 
Cliflford lode in 1855, re-examined it in July last, chiefly with 
the view of replying to several queries which I had put tohira; 
and, in spite of the stifling heat, ascertained the geological struc- 
ture of the lode, and the exact temperature of the water. This 
last he found to be 122° F. at the depth of 1350 feet ; but he 
scarcely doubts that the thermometer would stand two or three 
degrees higher at a distance of 200 feet to the eastward, where 
the water is known to gush up more freely. The Wheal-Clif- 
ford lode is a fissure varying in width from six :to twelve feet, 
one wall consisting of elvan or porphyritic granite, and the other 
jof killas or clay-slate. Along the line of the rent, which runs 

' See for the analysis, the Uat Tolunv^^of this Journal, p. 447. 
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3ast and west, there has been a slight throw or shift of the rocks. 
The vein-stuff is chiefly formed of cellular pyrites of copper and 
iron, the porous nature of which allows the hot water to perco- 
late freely through it. It seems, however, that in the continua- 
tion upward of the same fissure, little or no metalliferous ore 
vas deposited, but in its place, quartz and other impermeable 
mbstances, which obstructed the course of the hot spring, so as 
to prevent its flowing ont on the surface of the country. It has 
i>een always a favorite theory of the miners that the high tem- 
perature of this Cornish spring is due to the oxydation of the 
julphurets of copper and iron, which are decomposed when air 
18 admitted. That such oxydation must have some slight effect 
is undeniable ; but that it materially influences the temperature 
^f so large a body of water is out of the question. Its effect 
must be almost insensible ; for Professor Miller has scarcely been 
ible to detect any sulphuric acid in the water, and a minute 
trace only of iron and copper in solution. 

When we compare the temperature of the Bath springs, which 
issue at a level of less than 100 feet above the sea, with the 
Wheal-Clifford spring found at a depth of 1350 feet from the 
surface, we must of course make allowance for the increase of 
heat always experienced when we descend into the interior of 
the earth. The difference would amount to about 20° F., if we 
adopt the estimate deduced by Mr. Hopkins from an accurate 
series of observations made in the Monkwearmouth shaft, near 
Durham, and in the Dukinfield shaft near Manchester, each of 
them 2000 feet in depth. In these shafts, the temperature was 
found to rise at the rate of only 1° F. for every increase of depth 
of from 65 to 70 feet. But if the Wheal-Clifford spring, instead 
of being arrested in its upward course, had continued to rise 
freely through porous and loose materials so as to reach the sur- 
face, it would probably not have lost anything approaching to 
20° F., since the renewed heat derived from below would have 
warmed the walls and contents of the lode, so as to raise their 
temperature above that which would naturally belong to the 
rocks at corresponding levels on each side of the lode. The 
almost entire absence of magnesium raises an obvious objection 
to the hypothesis of this spring deriving its waters from the sea ; 
or if such a source be suggested for the salt and other marine 
products, we shall be under the necessity of supposing the mag- 
nesium to be left behind in combination with some of the ele- 
ments of the decomposed and altered rocks through which the 
thermal waters may have passed. 

Hot springs are, for the most part, charged with alkaline and 
other highly soluble substances, and, as a rule, are barren of the 
precious metals, gold, silver, and platinum, as well as of tin, cop- 
per, lead, and many others, a slight trace of copper in the Bath 
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waters being exceptional. Nevertheless, there is a strong pre- 
fiumption that there exists some relationship between the action 
of thermal waters and the filling of rents with metallic ores. 
The component elements of these ores may, in the first instance, 
rise from great depths in a state of sublimation or of solution in 
intensely heated water, and may then be precipitated on the 
walls of a fissure as soon as the ascending vapors or fluids begin 
to part with some of their heat. Almost everything, save the 
alkaline metals, silica, and certain gases, may thus be left behind 
long before the spring reaches the earth's surface. If this theory 
be adopted, it will follow that the metalliferous portion of a fis- 
sure, originally thousands of feet or fathoms deep, will never be 
exposed in regions accessible to the miner until it has been up- 
heaved by a long series of convulsions, and until the higher 
parts of the same rent, together with its contents and the rockg 
which it had traversed, have been removed by aqueous denuda- 
tion. Ages before such changes are accomplished, thermal and 
ZRineral springs will have ceased to act ; so that the want of 
iden4,ity between the mineral ingredients of hot springs and the 
contents of metalliferous veins, instead of militating against their 
intimate relationship, is in favor of their being the complemen- 
tary results of one and the same natural operation. 

But there are other characters in the structure of the earth's 
crust more mysterious in their nature than the phenomena of 
metalliferous veins, on which the study of hot springs has thrown 
light; I allude to the metamorphism of sedimentary rocks. 
Strata of various ages, many of them once full of organic re- 
mains, have been rendered partially or wholly crystalline. It 
is admitted on all hands that heat has been instrumental in 
bringiaig about this re-arrangement of particles, which, when the 
metamorphism has been carried out to its fullest extent, obliter- 
ates all trace of the imbedded fossils. But as mountain-masses 
many miles in length and breadth, and several thousands of feet 
in height, have undergone such alteration, it has always been 
xiifficult to explain in what manner an amount of heat capable 
of so entirely changing the molecular condition of sedimentiirj 
masses could have come into play without utterly annihilating 
every sign of stratification, as well as of organic structure. 

Various experiments have led to the conclusion that the min- 
erals which enter most largely into the composition of the met- 
amorphic rocks have not been formed by crystallizing from a 
fitate -of fusion, or in the dry way, but that they have been derived 
from liquid solutions, or in the wet way — a process requiring a 
&r lees intense degree of heat. Thermal springs, charged with 
carbonic acid and with fluohydric acid (which last is often pres- 
ent in small quantities), are powerful causes of decomposition 
and chemical reaction in rocks through which they percolate. 
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15 therefore, large bodies of hot water permeate mountain-masses 
at great depths, they may in the course of ages superinduce in 
them a crystalline structure ; and in some cases strata in a lower 
position and of older date may be comparatively unaltered, re- 
taining their fossil remains undefaced, while newer rocks are 
rendered metamorphic. This may happen where the waters, 
after passing upward for thousands of feet, meet with some ob- 
struction, as in the case of the WHbal-Cliflford spring, causing 
the same to be laterally diverted so as to percolate the surround- 
ing rocks. The efiRcacy of such hydro-thermal action has been 
admirably lilustrated of late years by the experiments and obser- 
vations of S^narmont, Daubr^e, Delesse, Scheerer, Sorby, Sterry 
Hunt, and others. 

The changes which Daubr^e has shown to have been produced 
by the alkaline waters of Plombi^res, in the Vosges, are more 
especially instructive. These thermal waters have a temperature 
of 160° F., and were conveyed by the Eomans to baths through 
long conduits or aqueducts. The foundations of some of their 
works consisted of a bed of concrete, made of lime, fragments 
of brick and sandstone. Through this and other masonry the 
hot waters have been percolating for centuries, and have given 
rise to various zeolites — apophyllite and chabazite besides others ; 
also to calcareous spar, aragonite, and fluor spar, together with 
siliceous minerals, such as opal, — all found in the interspaces of 
the bricks and mortar, or constituting part of their rearranged 
materials. The quantity of heat brought into action in this in- 
stance in the course of 2000 years has, no doubt, been enormous, 
although the intensity of it developed at any one moment has 
been always inconsiderable. 

The study, of late years, of the constituent parts of granite 
has in like manner led to the conclusion that their consolidation 
has taken place at temperatures far below those formerly suppo- 
sed to be indispensable. Gustav Eose has pointed out that the 
quartz of granite has the specific gravity of 2*6, which charac- 
terizes silica when it is precipitated from a liquid solvent, and 
not that inferior density, namely 2*3, which belongs to it when 
it cools and solidifies in the dry way from a state of fusion. 

But some geologists, when made aware of the intervention on 
a large scale, of water, in the formation of the component min- 
erals of the granitic and volcanic rocks, appear of late years to 
have been too much disposed to dispense with intense heat when 
accounting for the formation of the crystalline and unstratified 
rocks. As water in a state of solid combination enters largely 
into the aluminous and some other minerals, and therefore plays 
no small part in the composition of the earth's crust, it follows 
that, when rocks are melted, water must be present, indepen- 
dently of the supplies of rain-water and sea-water which find 
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their way into the regions of subterranean heat. But the exist- 
ence of water under great pressure afifords no argument against 
our attributing an excessively high temperature to the mass with 
which it is mixed up. Still less does the point to which the 
melted matter must be cooled down before it consolidates or 
crystallizes into lava or granite afford any test of the degree of 
heat which the same matter must have acquired when it was 
melted and made to form •lakes and seas in the interior of the 
earth's crust. 

We learn from Bunsen's experiments on the Great Geyser in 
Iceland, that at the depth of only seventy-four feet, at the bot- 
tom of the tube, a column of water may be in a state of rest,' 
and yet possess a heat of 120° Centigrade, or 248° F- What, 
then, may not the temperature of such water be at the depth 
of a few thousand feet ? It might soon attain a white heat un- 
der pressure ; and as to lava, they who have beheld it issue, as 
I did in 1858, from the southwestern flanks of Vesuvius, with 
a surface white and glowing like that of the sun, and who have 
felt the scorching heat which it radiates, will form a high con- 
ception of the' intense temperature of the same lava at the bot- 
tom of a vertical column several miles high, and communica- 
ting with a great reservoir of fused matter, which, if it were to 
begin at once to cool down, and were never to receive future ac- 
cessions of heat, might require a whole geological period before 
it solidified. Of such slow refrigeration, hot springs may be 
among the most effective instruments, abstracting slowly from 
the subterranean molten mass that heat which clouds of vapor 
are seen to carry off in a latent form from a volcanic crater dar- 
ing an eruption, or from a lava-stream during its solidification. 
It is more than forty years since Mr. Scrope, in his work on vol- 
oanos, insisted on the important part which water plays in an 
eruption, when intimately mixed up with the component mate- 
rials of lava, aiding as he supposed, in giving mobility to the 
more solid materials of the fluid mass. But, when advocating 
this igneo-aqueous theory, he never dreamed of impugning the 
Huttonian doctrine as to the intensity of heat which the produc- 
tion of the unstratified rocks, those of the plutonic class espe- 
cially, implies. 

The exact nature of the chemical changes which hydrother- 
mal action may effect in the earth's interior will long remain ob- 
scure to us, because the regions where they take place are inac- 
cessible to man ; but the manner in which volcanos have shifted 
their position throughout a vast series of geological epochs — be- 
coming extinct in one region and breaking out in another — may, 
perhaps, explain the increase of heat as we descend toward the 
mterior, without the necessity of our appealing to an original 
central heat, or the igneous fluidity of the earth's nucleus. 
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Abt. IV. — On the Nebular Hypothesis; by David 

Trowbridge, A.M. 

[Concluded from yoL zzxyiii, p. 860.] 

1. 7%« Breaking-up of the Rings, 

84. The process of cooling would still continue after the rings 
had separated. The loss of caloric from radiation would cause 
the rings to contract their dimensions ; and this, the unequal 
density of diflFerent parts, and the extraordinary perturbations to 
which they would necessarily be subject in their motions, would 
cause a separation of the rings in certain weak places. When 
once broken into parts while the density of the ring was very 
small, even if the parts were not many, the case would be extra- 
ordinary in which the parts would be prevented from re-uniting 
into a single planet, owing to the very great perturbations to 
which their motions would be subject, as separate bodies. It is 
impossible at present to tell just how a ring would be resolved 
into a planet. A system of waves would probably be developed, 
owing to perturbations ; and by an accumulation in one part, 
owing to the nature of the disturbing force, such as calculation 
shows might exist under certain conditions in the case of the 
rings of Saturn, and thus a considerable portion of the matter 
of the ring would be driven into one side, and this accumulation 
would be the center of attraction around which the planet would 
be formed. 

86. We may now ask in what direction the planet thus 
formed would rotate ? The direction of rotation would depend 
on circumstances. Let us take the breadth of the ring from 
which Uranus was formed, the same as the diameter of his 
sphere of attraction in Kirkwood's Analogy. The diameter of 
the sphere of attraction of Uranus, as given by Professor Kirk- 
wood," is 7*438. The inner radius is 2-558, and the outer one, 
4'879. If we suppose the inner and the outer parts of the 
ring each to have the velocity due it according to Kepler's third 
law, then, the velocity of the inner part being called 1, that of 
I the outer will be 0*8287 ; and the angular velocities of the same 
r jMurts will be to each other as 1 to 0-4715. If every part of the 
. ring have the same angular velocity, and that of the inner part 
be 1, the angular velocity of the outer part will be 1*457. If 
the inner and the outer parts have the same velocity, the angu- 
lar velocity of the inner part being called 1, that of the outer 
part will be 0*6866. But none of these cases can obtain in any 
of the rings, but one or another will be approximated to, accora- 

" This Journal, [2], xiv, ]i. 213. 
Am. Joub. Sol— Second Series, Vol. XXXIX, No. 115.— Jusr.^ 1S65« 
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ing to circumstances. The outer rings would appnoximate to 
the first case, and the inner ones, to the second case ; while 
intermediate rings would approximate more or less, according to 
their position in the Sj'stem, to the last case. In confirmation 
of this, we may refer to the case of Saturn's rings. It is demon- 
strated by mathematicians that the stability of the motions of 
those rings cannot exist unless the parts at different distances 
from the center of Saturn, have different angular velocities.** 

But observation** shows that the stability of the motion of the 
Rings exists. We hence conclude that those parts of the Kings 
situated at different distances from the center of Saturn do have 
different angular velocities. But it is concluded from observa- 
tion that the rings of Saturn are liquid ;" we hence conclude 
that there is still greater necessitjr for the different parts of a 
gaseous ring situated at different distances from the center of at- 
traction, to have different angular velocities ; just as we have 
concluded in speaking of the separation of the rings from the 
equatorial parts of the great solar spheroid. 

36. In the case of the first two or three rings abandoned by 
the primitive spheroid, their density would be relatively so small 
that the velocity of the outer parts would be regulated approx- 
imately by Kepler's third law. Such being the case, it is prob- 
able that the velocity of the inner parts will exceed that of the 
outer parts. When the rings break up to form planets,'the parts 
will in a great measure retain the velocity which they had in the 
complete rings, and the consequence will be that the rotation of 
such planets will, at first, be performed in a direction opposite 
to that of their motions around the central body." In conse- 
quence of the great friction of the different strata of the fluid 
planetary rings abandoned by the solar spheroid, the outer strata 
would, in most cases, probably, have a greater absolute velocity 
than the inner strata ; and the planets formed from them would 
naturally at first take the direct motion of rotation, because the 
external parts having a greater velocity than the inner parts, the 
excess of velocity would give the planet a direct rotatory velocity. 
Even if some of the outer planets should prove to have a retro- 

^ Maxwell, On the Stability of the Motion of 8cUum*s liinfft, pp. 3 and 45; 
Peirce in Gould's Afttronomical Journal, ii, 17-18. 

* Observation seems to show that the Rings of Saturn are gradually approaching 
the body of the planet ; but it by no means follows that they wiU ever come in 
contact with the body of the planet. They have existed too long for us to suppose 
there is any probability that the Rings are to be precipitated upon the body of the 
planet before our eyes, as it were. 

'* See Annual of Scientific Dvteovery for 1852, p. 877. 

^ Professor Kirkwood has pointed this out in his article in this Journal, [2], 
zxxviii, 2-4 ; and he has also attempted to show that in certain cases the rota- 
tion will become direct from the action of other members of the System. See also, 
volume xxxvii, page 51, where Prof. Hinrichs has given a formula indicating the 
same thing that we have arrived at in the text. 
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grade rotatory motion, our reasoning would not lead us to con- 
clude that such would be the case with many of them. 

37. But are we certain that all the rings would break up ; or 
if broken up, that each would form a single planet ? In this part 
of our enquiry we cannot guess at it ; nor will it do to be guid- 
ed by the phenomena of the Solar System ; for it is the phenom- 
ena of such a system of which we are to render a rational ac- 
count. We must here be guided by strictly mathematical and 
philosophical deductions. Prof. Peirce, of Harvard University, 
in his investigation of the problem of the stability of the mo- 
tions of Saturn's Eings, arrived at the remarkable conclusion 
that the dynamical equilibrium of the rings is preserved by the 
sustaining effect of the satellites in the very act of perturbation. 
He then makes the remark that the only place in the Solai* Sys- 
tem, among the primary planets, where we could, from the 
above conclusions, expect a permanent ring, is just within the 
powerful masses of Jupiter and Saturn." But even here, he 
says, the ring could not exist, but must ultimately be destroyed. 
He says, " But had there been a ring at this part of the system, 
it must have been subject to such extraordinary perturbations 
that it would, in the course of time, have been vibrated up 
against the next inferior planet. Mars; and in this way have 
been broken into the asteroids. The orbits of planets, formed 
under such circumstances, must have been characterized by great 
eccentricity." 

The above view of the formation of the Asteroids, needs 
gome modification. According to Peirce's conclusions, drawn 
from his investigation of the problem of Saturn's Eings, a fluid 
ring might, perhaps, exist for some considerable length of time, 
within the orbit of Jupiter. Granting this to be true, it is diffi- 
cult to escape the conclusion that the process of cooling, to which 
the ring would be subject, even if it were gaseous, would grad- 
ually reduce it to a condition approximating to that of the rings 
of Saturn at the present time ; that is, a liquid state. The vari- 
ous conclusions, then, at which mathematicians have arrived, 
respecting the perturbations of those rings, will apply with 
greater or less force, according to circumstances, to the supposed 
ring within the orbit of Jupiter. Prof. Maxwell," in his inves- 
tigation of the problem oi the motion of Saturn's Eings, dis- 
cussed the case of a solid ring, a ring of disconnected particles, 
; and a fluid (or more definitely a liquid,) ring. The first case he 
found to be one of unstable equilibrium. In the last two cases 
he found that if the perturbations to which the ring would be sub- 

' " Gould's Ast. Journal, vol. ii, p. 18. Also Annual of Scientific Discovery for 
1862, p. 879. 

•* On the stability of the motion of Satum*8 rings. An essay which obtained the 
Adams Prize for the year 1866, in the University of Cambridge, Eng. By J. Clerk 
Kaxwell, M. A. 
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ject could be propagated around the ring in the fonn of waves, 
subject to particular conditions, the ring would be permanent; 
but if these particular conditions were not fulfilled, the ring 
would be destroyed. In the case of a fluid ring, (incomprea- 
sible,) he found that in general a wide ring could not revolve 
every part of which haa the same angular velocity." In his 
recapitulation** he says, " We next took up the case of a flat- 
tened ring, composed of incompressible fluid, and moving with 
uniform angular velocity. The internal forces here arise partly 
from attraction and partly from fluid pressure. We began by 
taking the case of an infinite stratum of fluid affected by regu- 
lar waves. I found the accurate values of the forces in this 
ease. For long waves, the resultant force is in the same direc- 
tion as the displacement, reaching a maximum for waves whose 
length is about ten times the thickness of the stratum. For 
waves about five times as long as the stratum is thick, there is 
no resultant force; and for shorter waves, the force is in the op- 
posite direction to the displacement. 

89. ** Applying these results to the case of the ring, we find 
that it will be destroyed by the long waves unless the fluid is 
less than -^d of the density of the planet, and that in all 
cases the short waves will break up the ring into small satellites. 

40. '* Passing to the ease of narrow rings, we should find a 
somewhat larger maximum density, but we should still find that 
very short waves produce forces in the direction opposite to the 
displacement, and that therefore, as already explained, these 
short undulations would increase in magnitude without being 
propagated along the ring, till they had broken up the fluid fila- 
ment into drops. These drops may or may not fulfill the condi- 
tion formerly given (in the essay] for the stability of a ring of 
equal satellites. If they fulfill the conditions, they will move as 
a permanent ring. If they do not, short waves will arise and 
be propagated among the satellites, with ever increasing magni- 
tude, till a sufficient number of drops have been brought into 
collision, so as to unite and form a smaller number of larger 
drops, which may be capable of revolving as a permanent ring." 

41. Basing our reasoning on the preceding results, we are led 
to the conclusion that under certain conditions — such as prob- 
ably exist within the orbits of Jupiter and Saturn in the Solar 
System — the abandoned fluid ring may preserve iis form for im- 
mense ages, and thus have time to cool down somewhat and ap 
proximate to the condition of an incompressible fluid, and then, 
with the changes already taken place, undergo the necessary 
transformation, to convert it into small, separate bodies. These 
bodies would continue to come into collision until the conditions 
of dynamical equilibrium were fullj established, and thus en- 

•• Maxwell, p. 45. •• lb., p. «4. 
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ible each body to move in its own independent orbit. Bodies 
ID formed must vary in size from the largest of them to bodies 
»o minute to be visible through our most powerful telescopes." 
Che original ring would necessarily have considerable width, and 
dnce it would be prevented from uniting into a single planet, 
my such zone of small planets would also be of consiaerable 
^idth, and the planets would range in mean distance from one 
imit of the broken ring to the opposite limit. The various dis- 
turbing causes would very probaoly cause the small planetary 
todies to move in very eccentric (planetary) orbits, and the 
sctioQ of the short waves which woula break up the ring, might, 
perhaps, cause the resulting planets to move in orbits consider- 
ibly inclined to each other, and to the plane of the ecliptic. 

42. The heterogeneousness of the materials composing the 
juter rings, and the great rarity of their physical condition, 
vrould, perhaps, cause some of the less dense portions, at the 
time of the breaking-up of the rings, owing to the action of the 
great disturbing forces to which their motions would be subject, 
to be projected to a considerable distance from either the outer 
or the inner parts of the rings, and such detached portions 
might never return to the parent masses, but would move around 
the central solar body in an elliptical orbit, having, perhaps, in 
some cases, considerable inclination to the plane of the equator 
of the rings from which they were projected. Such bodies 
would revolve around the sun as Comets. The theory of Central 
Forces" shows us that, when the distances from the central body 
aod the initial velocity are given, the eccentricity is dependent on 
ike angle of projection ; that is, the angle formed by the radius- 
vector and the line of projection. Supposing comets to have 
been formed as we have just described, we see that the great 
eccentricity of their orbits results from the direction with respect 
to the radius- vector, in which the mass is throjyn from the nng. 
Such comets would very probably move around the sun in the 
same direction as the planets. Those rings abandoned nearer 
the centre of the solar spheroid, would, very likely, be more 
symmetrical in the disposition of their materials, and conse- 
quently less likely to have any large collection of rare materials 
wat could be projected from the rings. We hence conclude 
tliat those comets which have a comparatively short period of 
revolution, will not be very large and conspicuous objects when 
Aey approach their perihelia. We may further conclude that 
the last three or four rings would not throw off any comets. 
We hence conclude that periodic comets having a direct motion 
should be found in groups, perhaps, with periods of revolution 
a little greater or a little less than the planets to which they 

*^ Maj we not in this waj account for the existence of meteoric rings f 
*' See Math. Monthly, ii, 160. 



30 D, Trowbridge on the Nebular Hypothesis. 

nearest correspond in tbeir motions. Retrograde comets, and a 
portion of those ^ hich have a direct motion, cannot very well be 
accounted for upon this hypothesis of the breaking-up of the 
rings, nor should we expect to find retrograde comets with short 

Eeriods. If, as Laplace supposed, and which, according to our 
ypothesis, is not improbable, comparatively small quantities of 
neoulous matter exist in different regions of the universe, the 
Solar System may, in its motion through space, come into theii 
immediate neighborhood at different times, and such nebulous 
matter would be drawn, by the attractive influence of the sun 
and planets, into the system, and it would appear in the 
form of comets — either retrograde or direct, according to circum- 
stances — and meteors. All comets so formed would necessarily 
have a comparatively long period of revolution, unless (which 
might be the case in some instances) the perturbative influence 
of the planets should change their orbits. We may hence con- 
clude that all, or nearly all, comets having a short period, will 
have a direct motion ; and of the comets of long periods, the 
•direct and retrograde should, considering all time, be nearly 
equally divided, so far as we can determine. 

2. The Planets and their Satellites, 

48. After the rings from which the planets were formed were 
broken up, and all the parts of any one ring reduced to a planet, 
such planet, as we have shown, would have a rotation on an 
axis. This axis would, necessarily, be a natural or prindpd 
aocis. It would be a delicate adjustment to give a solid body, 
differing from a sphere, a rotation around a principal axis ; but 
SL fluid body would readily adapt itself to such an axis. We do 
not doubt but that Infinite Wisdom and Power could cause any 
solid body to rotate around a natural axis ; but we have not the 
least evidence th%t Infinite Wisdom ever works in that special 
manner. God always adapts means to ends, so that all things 
are produced under the action of fixed natural laws. We, there- 
fore, conclude that the planets, formed as required by the Nebu- 
lar Hypothesis, should all be found to rotate on natural axe^, 

44. After the parts of the broken-up rings had united, and 
the resulting bodies commenced their rotatory motion, the cooling 
of the masses, in consequence of the radiation of heat, would 
cause their rotatory velocities to be increased, and this process 
wonld continue till, in most instances, a secondary ring would 
be abandoned by such planetary bodies." The outer planets be- 
ing larger and much less dense than the inner ones, would aban- 
don several secondary rings. In reference to the number of these 
secondary rings cast off by each of the planets, all that we can 

** We have attempted here to be guided by strictly reasonable conclusions, with* 
out any reference to the phenomena of the Solar System. 
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at present conclude on, with any degree of certainty, is, that the 
number should, upon the whole, increase from the sun outward. 
We cannot, at present, say that* the outermost planet ought to 
have abandoned the greatest number of rings. These secondary 
rings would, in general, break up and form secondary planets, or 
satellites. Under certain conditions — such as Prof. Peirce has 
found to exist in the System of Saturn — a ring, or rings might 
remain entire, or at least, not break up into a single satellite. 
According to this view, rings, if they exist, must be found in- 
terior to several satellites. In every case — unless changed by 
disturbing forces — the planet should rotate on its axis in less 
time than is required for any ring or satellite to revolve around 
the primary. The same must hold in the case of the sun and 
the planets. 

45. When the last ring has been abandoned by any one of 
the planets, the remaining part*" must cool down and thus form 
a primary planet. The outer portions being exposed to the low 
temperature of space — at least 50° below zero Fah. — they will 
cool much more rapidly than the inner parts, and after the 
whole is reduced to a liquid, a crust would, comparatively soon, 
form around the liquid planet, and further radiation would t«ike 
place very slowly compared with its former rate. A certain 
amount of heat would be received from the other bodies, partic- 
ularly the sun, (whatever might be its condition), and finally a 
balance would be reached beyond which the planet would not 
cool, — or at most very slowly, — and thus the inner parts would 
remain liquid. The outer planets being from the beginning less 
dense than the others, a crust would, perhaps, be formed so com- 
paratively early as to leave the mean density of the planet com- 
paratively small. We should, therefore, look for an increase in 
mean density from the outermost planet to the innermost. We 
see no reason, however, to believe that any simple law regulates 
this variation of mean density from one planet to another. 

46. It would at first seem as if the satellites of the primaries 
should follow the same law of rotation that the primaries them- 
selves do ; but we must recollect that the numbers representing 
the distances of the former, expressed in radii of the latter, may 
differ very considerably from the numbers representing the dis- 
tances of the latter expressed in radii of the sun. Again, the 
rings from which the satellites were formed, were abandoned 
when the primaries were much reduced in temperature, and con- 
densed, when compared with the condition of the primary rings 

' ^ In the Nebular Hypothesis, after a fluid body has abandoned all the rings pos- 
sible, there must remain a central body of comparatively large dimensions, and of a 
mass far greater than the sum of the masses of all the rings separated. How 
would the author of the meteoric theory as given in the 204 th number of the North 
American Review, account for the fact that our Solar System is constructed upon 
this principle ? 
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when they were separated from the primitive solar spheroid. All 
^the satellites will be much smaller than the primaries; and, 
being comparatively small bodies, they will cool down and be- 
come solid much sooner than the primaries will. In conse- 
quence of the forces acting on the planets, both primaries and 
secondaries, they will become spheroidal in shape as soon as the 
rings from which they are maae are broken up and the parts 
united. The attraction of the primaries on the fluid satellites, 
will raise the fluid particles into great tidal- waves; and as the 
waves on opposite sides are slightly unequal, the result will be 
a retardation of the rotatory velocity of the secondaries. William 
Ferrel, Esq., of the Nautical Almanac OflSce, Cambridge, Mass., 
has given" a mathematical discussion of the retarding effect of 
the tides of the earth on its rotatory velocity. According to his 
conclusions, the retarding effect of the earth upon the moon's ro- 
tatory velocity, both acting under similar circumstances, would 
be between 500 and 600 times as great as that of the moon on 
the earth'a According to his results, it would amount to an entire 
circumference of the moon, or one period of rotation of the 
moon in a hundred years. Even if these numbers be wide of 
the truth, the investigation shows us that, in general, the retard- 
ing effect of the attraction of the primaries on their secondaries, 
when in a fluid state, is sufficient, in the course of immense ages, 
to reduce the periods of revolution and rotation of the latter to 
isochronism. We have, therefore, great reason to suppose that 
as a general rule the satellites turn on their axes but once during 
a revolution around their primaries. 

47. If there exists a cosmical ether, as is at present pretty gen- 
erally admitted, in order that it may remain spread throughout 
universal space, it is only necessary for it to possess an elasticity 
80 great that the action of luminous bodies is sufficient to pro* 
duce a mechanical action in it that will enable it to maintain its 
temperature and fluid condition under all circumstances. This 
cosmical ether being material in its nature, it would necessarily 
partake of the motion of those bodies with which it remains in 
contact for immense ages of time. In the Solar System, the mo- 
tion of the ether around the sun would be in the general direo 
tion of all the planets. It would also be regulated in its motion 

*^ Oould*8 Ast. Journal, iil, 1S8-141. Professor Ferrel informs me that sonw 
numbers winch he employed he now knows to be about ten times too large, and ] 
hence his results should be diminished in nearly the same ratio. He found that in 
one century the moon retarded the rotatory motion of the earth's equator ?7'4i 
miles. Dividing this by 10, to correspond more nearly with more recent data, we 
have about 3|- miles for the retarding effect' of the moon in a century. The e£ket 
of the earth on the moon he found to be 662^ times as great as that of the moon od 
the earth ; and this will give — since the diameter of the moon is only about one* 
fourth of the diameter of the earth — between 600 and 600 miles for the retarding 
effiect of the earth upon the moon's equater, if it be only partly fluid. If it be 
wholly fluid, it would be somewhere near 1000 miles per century. 
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artly according to tlie third law of Kepler; and thus the 
lanets, whatever might be their distances from the sun, would 
Barcely be retarded by it in their annual revolutions.** Since 
Ii6 ether is supposed to maintain its temperature, and therefore 
lastic force, it would not gather into separate collections, leav- 
ng some parts without it ; but it would only be slightly con- 
lensed around the diflferent bodies of the universe. 

48. If we calculate the principal radii of gyration of Jupiter, 
it the time when each secondary ring was abandoned, upon the 
jame principle as that adopted in the case of the sun, viz : by 
neglecting the masses of the satellites, we shall find such radii, 
at the time when each satellite ring was separated, commencing 
with the nearest and taking them in the order of distance — the 
equatorial radius of Jupiter being the unit — to be as follows : 

Table IV. 

k^ = 1-308; a J = 6-048; 

k^ = 1-832; a^ = 9*623; 

jtg = 2-63(1; a3 = 16-350; 

ifc^ = 4018; a^ =L 26*998; 

a,, &c., being the distances of the satellites. If we compare the 
radii of gyration, i, with the mean distance of the satellites, a, 
we see that in every instance the latter is not far from six times 
the former. If we make a similar comparison for the primary 
planets, using Table II, we see that the radius of gyration is 
only about the one-hundredth of the mean distance of the planet 
from the center of the sun. We hence conclude from this that 
the density of the primitive solar spheroid increased much more 
rapidly toward the center, than the primitive Jovian spheroid. 
In other words, the solar spheroid was relatively much more 
dense about the central parts than Jupiter. This we had reason 
to expect, since, according to the hypothesis, the ring from which 
the Jovian system was formed was already somewhat condensed 
when it was abandoned, and the general density much more 
nearly uniform than that of the solar spheroid ; and hence the 
secondary rings were much denser relatively to the Jovian sphe- 
roid than was the ring from which Jupiter was formed relatively 
to the solar spheroid. This, it would seem, is a strong proof of 
the truth of the nebular hypothesis. The mass of Jupiter is 
6000 times as great as the sum of the masses of his satellites ; 
80 that neglecting the masses of the satellites in comparison with 
the mass of Jupiter we neglected only the small fraction ^oWth. 
I supposed Jupiter homogeneous in finding his principal radius 
of gyration. 
The periods of rotation of Uranus and of Neptune being un- 

* This conclusion differs from the basis assumed by Prof. Hiorichs in his article 
on the Age of the Planets, this Joum., [2], zxzvii, 86-66. 

Am. Joub. Sci.— Second Skbies, Vol. XXXIX, No. US.—Jiln.^IQi^. 
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known, we cannot compute the radii of gyration of the planets 
at tbe time when the satellite rings were abandoned, as we have 
done in the case of Jupiter. And if Bessel's mass of the rings 
of Saturn (xl^th of that of Saturn) be admitted, it is probable 
that this, and tbe sum of the masses of the satellites, will make 
a fraction too great to be neglected. The same is true of the 
earth and moon. 

49. Let us now collect together in this article the various 
facts which ought to be found to exist in the Solar System, ac- 
cording to the preceding view of the nebular hypothesis. 

1st. The planets should all move in the same direction around 
the sun. 2nd. Some comets whose distances correspond with 
those of the planets within moderate limits, should have the same 
direction as the planets. 3d. The orbits of the planets should not 
be much inclined to each other. 4th. All the planets, except, 
perhaps, a few of the outer ones, should turn on their axes in tbe 
same direction as that in which they move around the sua 
5th. The satellites should revolve around their primaries in the 
same direction in which the latter turn on their axes. 6th. The 
periods of revolution and rotation of the satellites, should, in 
many cases, at least, be equal. 7th. The sun must rotate on aa 
axis in the same direction as that in which the planets revolve 
around him. 8th. The outer planets of the system should be 
larger than the inner ones. 9th. The outer planets should have 
the greater number of satellites. 10th. The outer planets should 
rotate on their axes in less time than the inner ones. 11th. 
The outer planets should in general have greater masses than 
the inner ones. 12th. The planets should, upon the whole, in« 
crease in density as they are found nearer the sun. 13th. The 
satellites should be less than their primary, and the planets less 
than the sun, both in bulk and mass. 14th. All the members 
of the Solar system should be composed of similar materials. 

50. We have thus, in the preceding pages, attempted to give 
a connected view of the nebular hypothesis, uncompared, ex- 
cept in a few cases, with the real phenomena of nature. In 
what follows, we shall show that the phenomena of the sidereal 
heavens, and of the Solar System, agree very closely with the 
preceding deductions. 

8. A Comparison of the preceding Theory with (he Phenomena of 

Nature. 

51. The origin of material existence is at present a mystery 
to the human mind. To say that it was created by the Deity 
is an assertion that conveys to the understanding something of 
which we have no definite conception. On the other hand, to 
say that it has always existed is equally unsatisfactory, since the 
human mind always looks toward a beginning of everything. 
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But with such speculations, we have here nothing to do. The 
nebular hypothesis supposes matter and all physical forces to 
exist ; and we have only to carry back our speculations to the 
most ancient and chaotic state in which it is possible for us to 
suppose matter to exist. I have supposed matter in its earlier 
chaotic condition to have been necessarily heterogeneous in 
structure. Others have different views." Even if it** were at 
first, or at any time, perfectly homogeneous, but not of symmet- 
rical form, it would soon become heterogeneous, because various 
centers of attraction would be established, around which matter 
would accumulate; and thus the change in the diff'erent parts 
would generate a rotatory motion. Thus, under almost any con- 
ceivable — certainly probable — circumstances, the nebulous mass 
must be considered as having sufficient potential energy to give 
it a motion of rotation. But we must not be confined to these 
speculative views. " Every well-trained philosophical judgment 
is accustomed to observe illustrations of the most sublime phe- 
nomena of creation in the most minute and familiar operations 
of the Creator's laws, one of the most characteristic features of 
which consists in the absolute and wonderful integrity maintained 
in their action whatsoever be the range as to magnitude or dis- 
tance of the objects on which they operate. For instance, the 
minute particles of dew which whiten the grass blade in early 
morn, are, in all probability, moulded into spheres by the iden- 
tical law which gives to the mighty sun its globular form."** 
"It is remarkable of physical laws that we see them operating 
on every kind of scale as to magnitude, with the same regular- 
ity and perseverance Two eddies in a stream 

fall into a mutual revolution at the distance of a couple of inches, 
through the same cause that makes a pair of suns link in mutual 

^ " I regard the gaseous as not the ultimate form of matter, but tliat in its ulti- 
mate state it was absolutely imponderable and perfectly elastic, and tlierefore it 
completely filled, absolutely, infinite space, and that the myriads of Solar vortices 
"vrere developed out of this perfectly homogeneous imponderable fluid in a manner 
BB definite and orderly as that which regulates the production of a plant or an ani- 
nal on the earth." — I)r. Joel E. Hendricks. 

^ Some writers seem to doubt the existence of nebulous matter, because the tel- 
escope continues to resolve the nebulae. But comets are evidently in a nebulous 
state, and the existence of these shows us that matter may assume the nebulous 
condition. It is a fact that the evidence derived from observation, tiiat nebulous 
matter, in largo quantities, exists, is by no means conclusive. In fact, the truth of 
the nebular hypothesis cannot dopend on our knowledge of the existence of nehu* 
luos matter in lar^e quantities. It is sufficient to show that matter in such a state 
can and does exist in any quantity, and after that we must look to the general and 
particular phenomena uf nature. It is scarcely probable that we shall ever learp, 
at least for ages to come, directly from observatiim, that large quantities of matter 
exist in a nebulous condition. But the general appearance x)f starry clusters, may 
indicate the origin whence they were derived. The appeara/ice and Arrangement of 
the planetary system are more conclusive in reference to the origin whence that 
system was derived. 
^ Mr. Nasmyth. See Annual of Scientific Discovery for 1867, p. Ifit. 
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revolution at the distance of millions of miles. There is, we 
might say, a sublime simplicity in this indifference of the grand 
regulations to the vastness or the minuteness of the field of their 
operations."** We thus may learn from the minuter operations 
of nature of those grand revolutions which we have reason to 
conclude have taken place in past ages of duration. Binary, 
ternary, and multiple stars, in some, perhaps many, cases, may 
be the resulting motion of two or more stars — I should more 
properly say primitive stellar spheroids, coming so near together 
that their atmospheres came in contact and thus gave them a 
motion around their common center of gravity.*' 

52. All apparent motion in the region of the so-called fixed 
stars, is very slow ; so slow, indeed, that in most instances it re- 
quires several years to elapse before any motion becomes appar- 
ent. Certainly, in most cases the nebulae are situated far beyond 
the region of the visible stars. How much slower, then, than 
the stars, must the nebulae appear to change their relative parts 
or positions in the heavens 1 We must, therefore, expect little 
from the motion of nebulae or even clusters, in confirmation of 
the nebular hypothesis. We must look to the general con- 
formation of nebulae and of clusters. Lord Eosse has within 
a comparatively few years, by means of his great reflectors, 
shown that many of the nebulae are of the spiral form. They 
appear as if they possess a rotatory motion on an axis, and this 
motion has so far increased as to project some parts of the nebu- 
lae tangentially, and thus to break up the spheroidal form, caus- 
ing parts of the nebulae to fly off in one or more streams. The 
general principles which would lead to such a result, we have 
attempted to give from Arts. 3 to 12 inclusive. Mr. Nasmyth 
has also given*' an exposition of the principles, though he has 
not based his explanations on mathematical formulae and deduc- 
tions as I have attempted to do. Many nebulae present that ap- 
pearance which we suppose our Solar System to have presented 
before the first planetary ring was abandoned, viz : a projected 
circular or elliptic appearance, not very bright in the outer por- 
tions, but increasing in luminosity with considerable rapidity 
near the center. 

53. Some observations and deductions of a very interesting 
character, have recently been made. Many years ago, Sir Wil- 
liam Herschel concluded, from a comparison of a figure of the 
nebula in Orion, made by Huygens many years before, with a 
figure of his own drawing, that some parts of the great nebula 
— (cluster, perhaps we should now say, since it has been par- 

*• Vestiges of Creation. Harper's Ed., p. 17. 

*' T am unable to ascertain in what direction, if any definite one, double stars re- 
volve around their common center of gravity. Who" will give the required infor- 
mation ? It is worthy of attention. 

^ Add. of Sci, Disc, for 1862, pp. 1S1-S. 
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tially resolved aince Herschel's day) — have changed. It is very 
probable that do such change has taken place ; but that the sup- 
posed variatioa came from a defect in Huygen'a representation, 
and from a difference in the telescopes employed. But it seems 
now quile certain that some nebulfe have changed. The nebula 
around Ela Argus, seems to be one of that character." Also 
several others have been discovered in which some change seems 
to have taken place. Accurate micrometrical measurements 
and photographic representations only can here serve for the 
basis of positive knowledge in this interesting department of as- 
tronomy. It would seem that such paiches of nebula;, if; indeed, 
they ore nebulas, proper, cannot be very extensive, since they 
must be comparatively near our system. We must now leave 
this interesting part of our subject, since this, alone, could never, 
Eo far as we can see, furnish us the necessary data to enable us 
to say whether the God of Nature followed one or another 
method in the process of world-making. We must descend to 
the general and some of the particular phenomena of the Solar 
System, to enable us to draw a definite conclusion on this 
subject. 

54. We know from observation that all the primary planets 
revolve around the sun in the same direction, and in nearly the 
same plane. The sun rotates on an axis in tlie same direction in 
which the planets revolve around him, from west to east. The 
period of the sun's rotation is about 25^ days, which is about 
j'jtha of the periodic time of Mercury. According to our theory, 
no planet will ever he discovered so near the sun that its period 
of revolution will be less than the period of the sun, viz: 25-^ 
days, if thi^ number be accurately determined. This is contrary 
to the supposed discovery of Mr. Lescarbault. 

The inolination of the orbit of Neptune, as we have shown, 
corresponds very approximately with that of the invariable 
plane of the Solar System, as our theory requires. We also 
find that the distance between tlie planetary orbits increases 
with the distance from the sun. The following table will show 
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the difference between the mean distances of the planets, in 
terms of the mean distance between the earth and sun ; and also 
the breadth of the primitive rings, according to Kirkwood's 
Analogy." We have at present no method probably more ac- 
curate than Kirkwood's to determine the breadth of the primi- 
tive rings. 

We thus see that, generally speaking, there is an increase of 
distance between the orbits of the planets, and also in the 
breadth of the rings abandoned by the sun ; and yet it is not 
absolutely the case in every instance; nor is the increase accord- 
ing to any simple law, as we had occasion to point out from 
what was assumed to be the probable condition of the primitive 
solar spheroid. 

55. If we compare the masses and the densities of the plan- 
ets, we shall see here, also, a general increase in the masses, and 
a decrease in the densities, as we get farther from the sun, as can 
be seen in the following table : 

Table VI. 



Planet 


Magnitude. 


Mast. Density. 


Mercury, 


00596 
09960 
1-OUOO 
01864 

14910000 

772 0000 

86-6000 

766000 


00729 

0-9101 

10000 

01324 

2869 " 

888-7180 

101-3640 

142610 

189000 


1-225 
0-908 
1000 
972 

0-227 
0181 
0-167 
0-821 


Venus, 


Earth, 


Mars, 


Ast. Planet, 

Jupiter, 


Saturn, 


Uranus, 


NeDtune 





We see from this table what was concluded from theory to be 
very probable, viz: that in general the volumes and masses in- 
crease from the sun to a maximum — which is reached in Jupiter 
— and then decrease to the extremity of the system. The fact 
that there is no simple law perceptible which regulates the in- 
crease and decrease of the numbers in the two preceding tables, 
shows that the condition of the primitive solar spheroid was far 
from being symmetrical. The fact that the earth is more dense 
than Venus may be thus explained. The diflFerence in the con- 
dition of the Earth-ring and the Venus-ring could not have been 
very considerable. But the former, after it united into a single 
spheroid, threw off a satellite-ring, taking off the rarer part and 
leaving the denser, so that the ultimate mean density of the 
earth became a little greater than that of Venus. There seems 
to be some peculiarity about Saturn in respect to density that 
cannot be easily accounted for. 



M 



This Journal, [2], xiv, 218. 
*' Accordiog to Kirkwood's Analogy, this Journal, [2], xiv, 218. 
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66. In examining the secondary planets, we see a general in- 
crease in number to each primary planet, as we go from the sun 
to the extremity of the system. The Earth has 1, Jupiter 4, 
Saturn 8, Uranus 6 and perhaps 8, Neptune 2 that have probably 
been seen. We cannot tell with certainty the number of satel- 
lites belonging to each of the last two planets, owing to the dif- 
ficulty of observing such bodies at so remote distances. The 
satellites of Jupiter are distributed in the Jovian system very 
similarly to the primary planets in the Solar System. We find 
the masses to increase as the distance from the center of Jupiter 
increases, till we arrive at the third satellite, where we reach the 
maximum. The fourth satellite is the second in mass. The 
third satellite is also the largest, and the fourth the next in size, 
but the second, although it is of greater mass, yet is of smaller 
size than the first. The satellites of Saturn follow a similar 
general law. Titan, the 6th in the order of distance from the 
primary, is the largest, and Japetus, the most distant of them all, 
is next in size. Of the others we cannot so well judge, but it 
seems not improbable that they decrease in size as they are 
nearer the primary. We know still less of the satellites of 
Uranus, but the second and fourth, so-called, are very probably 
the largest. But within the second, (in the order of distance 
according to Sir William HerschePs discoveries), two, and possi- 
bly three, exist. We thus see it to be a general principle of the 
planetary system that the largest bodies are within some, and 
without some of the orbits of the others. We also observe this 
fact in reference to some of the secondary planets, viz: if we 
divide the distance of the remotest satellite of any primary, 
from the center of the planet, by the diameter of the sphere of 
attraction (which we shall consioer to be the same as the breadth 
of the ring, or the diameter of the primitive planet,) we shall 
find that, in general, the quotient decreases from the earth to 
Uranus. We may therefore conclude that the outer planets had 
to condense much more than the inner ones before a satellite- 
ring was abandoned. It is a fact, also, that, so far as observation 
has determined, the satellites rotate on their axes in the same 
direction and in the same time in which they revolve around 
tlieir respective primaries. All these motions are in the direc- 
tion of the rotation of the primaries. 

57. The rings of Saturn offer a living example of the primi- 
tive secondary rings. They open to us, in a measure, the nature 
and constitution of the primitive rings, both the primary and 
secondary. These rings have been retained as such, according 
to Prof. i?eirce, by the attraction of the satellites. Should these 
rings entirely break up, they would probably form asteroid sat- 
ellites. Since the rings of Saturn are very thin in comparison 
with their width, we conclude that the primitive planet was very 
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much flattened about the poles. If the rings of Saium are fluid, 
they exist as such in consequence of the friction of their 
particles. 

58. It is an interesting fact, and one confirmatory of our the- 
ory, that the rings of Saturn have a longer perioa of rotation 
than the planet itself, as required by the nebular hypothesis, 
According to the observations of Sir William Herschel, the 
rings of Saturn revolve around the planet in the space of 10^ 
82^ 158." The period of rotation of Saturn is lO^" 29" 17»." 
We thus see that the rings require 2™ 58« longer time to revolve 
about Saturn, than the latter does to turn on his axis. Here 
again we appear to have obtained conclusive evidence in favor 
of the nebular hypothesis. Had the period of Saturn's rotation 
been greater than that of the rings, it would have been very 
diflSicult to reconcile it with the nebular hypothesis. 

69. The rings of Saturn are either fluid or composed of un- 
connected particles. According to Maxwell, even a fluid ring 
would be broken up into small satellites ; but it does not followr 
that these satellites may not still be fluid and unite again into a 
ring — or perhaps several nearly concentric rings — after having 
been separate a sufficient length of time to restore the equilib- 
rium by counteracting the disturbances to which the rings are 
subject We are thus reduced to the very probable conclusion 
that the rings of Saturn are fluid (liquid). We are thus carried 
back one great step toward the gaseous condition from which 
we have supposed all the planets and their satellites to have been 
developed. 

60. Observation shows that the satellites of Uranus revolve in 
a retrograde order. But we do not know in what direction, nor 
in what time, the planet rotates. If it should finally prove to 
be the case that the satellites of Uranus are in the plane of the 
planet's equator, and revolve in a direction opposite to that of 
the rotation of the planet, it will be very difficult, if not impos- 
sible, to reconcile the two motions with the nebular hypoth- 
esis. But should the axis of the planet be found to have an in- 
clination to the plane of the orbits of the satellites differing con- 
siderably from a right-angle, the difficulty will not be insuper- 
able." But since the nebular hypothesis accounts so satisfac- 
torily for so many of the phenomena of the solar system, we 
may venture to predict that the rotation of the planet will be 
found to be retrograde, or closely approaching that direction, if 
we may so express ourselves. But our theory, as we have 

•" Grant's Hist of Phys. Astr., p. 262. 

** Herschers Outlines, Art 5 14. 

^ B? giving an artificial globe a motion of rotation on its axis, and then reversing 
the poles, we can easily see how readily the direction of rotation is changed to the 
opposite direction. The same primitive impetus carries it in the opposite direction. 
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n, requires that the outer planets rotate in a retrograde di- 
)n. Kirkwood's Analogy seems to require that Uranus 
Id occupy about 37 hours in performing one rotation. Is it 
ble that a retrograde motion will influence the time of rota- 
of the planet ? It would seem that some of the great tel- 
)es, either in this country or in Europe, ought to be able to 
5 the question of the rotation of Uranus. I have not at- 
>ted to account for the great difference between the greatest 
least diameters of Mars. A mere supposition could be of 
ivantage. 

. The following table gives the time of rotation of the sev- 
planets so far as known : 

Table VII. 



Planet. 


Time of rotation. 


Diam. of ipfaere 
of attraction. 


Mercurv. * . . . 


h. ni. ••' 
24 5 28 
23 21 21 

23 56 4 

24 87 22 
9 55 26 

10 29 17 


0-200979 
0-383390 
0-521348 
0-779537 
4-876551 
8-618608 


Venua, 


Earth, 


Mars, 


Jupiter, 


Saturn, 





; the above table we see that, roughly speaking, the time of 
.ion diminishes as the sphere of attraction increases. The 
Xifxl impulse of rotation communicated to a planet, by the 
from which it was formed, at the time of its breaking-up. 
Id be dependent on the difference between the velocity of 
3 parts of the ring lying upon the opposite sides of the orbit 
le future planet ; or, in other words, upon the difference of 
iving force of each part. This difference would not depend 
le absolute velocity of either part, but rather upon the rela- 
distance of the two parts from the sun. We hence see that 
> the outer primitive rings were wider than the inner ones, 
should expect a more rapid rotatory motion in the outer 
ets." Since Saturn has the greatest sphere of attraction we 
lid at first expect that planet to have the shortest period of 
iion. But such is not necessarily the case. If this whole 
etary ring had condensed into a single body, such might and 
•ably would have been the case. But every time a planet 
idoned a ring to form a satellite, it, in effect, lengthened the 
3d of rotation of the future planetary spheroid. Jupiter 
idoned only four rings of which we have any knowledge, 
the united mass of them forms only the yi^Vt^I^ ^^ ^^^ mass 
upiter ; while Saturn abandoned no fewer than eleven rings, 
3 of which still remain. According to Bessel, the mass of 

JiDce the outer riugs were less dense than the inner ones, the planets would 
farther to contract than the inner ones, and this also would increase the rota- 
relocitj. 

Jous, SoL-^saoifD Berzeb^ Vol, XXXIX, No. 115.— Ja».,1W5. 
6 
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the remaining rings alone equals the ttt^^ ^^ ^^^ mass of Sat' 
urn. Even now the period of Saturn's rotation exceeds that of 
Jupiter by only 3™ 51«. 

62. Humboldt has called attention** to the fact that the group 
of Asteroids divides the planets into two classes, those within 
and those without the zone of small planets, each class being 
marked by certain distinctive features. The outer group, 
"Neptune, Uranus, Saturn and Jupiter, are distinguished by 
considerable volume and slight density ; the time of rotation 
about their axes is about ten hours, and from this there resuJta 
in these bodies considerable flattening; moreover, of the 22 sat- 
ellites of the solar system, 21 pertain to this group. The four 
inferior planets, Mars, the Earth, Venus and Mercury, have, on 
tSe contrary, much smaller volumes and inuch greater density; 
they revolve on themselves in nearly twenty-four hours, are but 
little flattened, and possess, among all the four, but one satellite, 
the Moon." Let us now see what account we can give of these 

Jeculiarities. We have already shown that according to Prof, 
eirce's deductions a planetary-ring might exist for a great 
length of time just within the orbit of Jupiter; the same influ- 
ence that would sustain a ring where the asteroids now existj 
would tend to sustain one where Mars now revolves; and the 
same influence would extend to the orbits of the Earth and of 
Venus ; and each of these latter bodies would lend their influ- 
ence, and would thus influence the Mercurial-ring. These in- 
terior rings (as we will call them, being interior to the Aster- 
oids,) being thus sustained for a great length of time, would 
loose much of their heat, and thus become condensed consider- 
ably perhaps, as have the rings of Saturn. When such rings 
broke up and assumed the spheroidal form, they would be much 
less likely to abandon satellite rings, than those planets whose 
rarity was greater. We have already shown tnat the mean 
density of those planets nearer the sun should be found to be 
greater than that of the outer planets ; we now refer to the in- 
fluence above mentioned to account for the sudden increase of 
mean density within the orbit of Jupiter; for evidently the 
mean density of a planet formed from a ring considerably con- 
densed, would be greater than one formed from a ring less so; 
for a crust would form around one approximately as soon as 
around ihe other. The period of rotation of such planets would ' 
be greater than that of others, since they would not have so far 
to contract. The times of rotation would be approximately 
equal, since they would contract nearly equally. 

63. The existence of 80 known Asteroids between the orbits 
of Mars and Jupiter, seems to confirm the view which we have 
given of their formation, in a preceding part of this paper. K 
we divide 860° by 80, we find an average of one Asteroid for 
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every 4J°, making approximately a ring of these small bodies. 
But we cannot for a moment entertain the idea that nearly all 
these bodies have been discovered. They are very small and 
necessarily difficult to delect; and judgingfrom what we already 
know of the size of these small bodies, we must conclude that 
many more exist, much the larger share of which are too small 
to be detected by our best telescopes. The most rational theory 
of meteoric stones, is that which regards them as minute aster- 
oids. The whole group, many thousands very probably, per- 
haps millions — between the orbits of Mars and .Jupiter, must 
have very eccentric orbits, and be subject to extraordinary per- 
turbations in their motions, and it is highly probable that many 
of them become satellites of some of the planets, and finally 
come in contact with their surfaces as meteoric stones. It is 
certainly a little curious that the orbits of the known Asteroids 
intersect. The mean width of the whole zone so far as known, 
lies between the limits 2*145 (Feronia) and 3 452 (Maxamiliana) 
giving a breath of 1 307, which is rather greater tiian the diam- 
eter of the sphere of attraction of Kirkwood's Asteroid planet. 
At present we shall add nothing respecting comets, as Prof. 
Kirkwood has called attention, in several places, to the orbits of 
these bodies. 

Hector, N. Y, Nov. 11, 1864. 



Art. v. — On Brushite, a new mineral occurring in Phosphatie 

Ouano ; by Gideon E. Moore, Ph.B. 

(Communicated to the California Academy of Sciences, Sept. 6tli, 1 864.) 

• 

In the spring of the present year, I received, through the kind^- 
sess of W m. E. Brown, Esq., of Mare Island in this State, a 
specimen of a mineral discovered by him in a cargo of phos- 
phatie guano at Camden, N. J. The localiiy from which it was 
derived is not known,* and, though letters of inquiry liave been 
sent to the parties to wliom the cargo was originally consigned, 
no reply has been received up to this date. The texture and 
appearance of the guano would, however, point to some one of 
the Carribean islands, and more particularly to tlie island of 
Sombrero as its probable source. It is very probable that the 
mineral may be recognized among the crystallized products oc- 
curring in other guano deposits. 

In the specimen in my possession, the mineral occurs filling 
seams in the guano, varying from j to J of an inch in width. 
The matrix itself is of the variety known as rock guano. It 

^ In a letter from Mr. Moore, dated San Francisco, Nov. 13tb, 1864, be states 
that be bas ascertained tbe locality of tbe new mineral to be Ayis Island in tbe 
Carribean Sea. — Ein. 
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possesses an oolitic structure and a brownish wliite color, inter- 
spersed with small spots of pure white. 

The mineral is in the form of small but very perfect and bril- 
liant crj'stals, with a cleavage in the direction of their greatest 
length nearly equal to that of selenite, the laminae being also 
slightly flexible, as in the case of the latter species. Hardness, 
2'25. Specific gravity, 2-208 (mean of two determinations). 
Color yellowish white. Transparent. Lustre vitreous, splendent, 
inclining to. pearly on the cleavage &ces. 

When heated in a closed tube before the blowpipe, it whitens 
and gives off water at an incipient red heat. In the platinum 
forceps, it fuses with intumescence at about 2 on von Kobell's 
scale, tinging the flame with the peculiar green characteristic of 
phosphoric acid. The button formed by fusion crystallizes on 
cooling, showing numerous brilliant fSacets. It readily dissolves, 
even in coarse crystals, in dilute nitric and chlorhydric acids- 

A qualitative analysis revealed the presence of lime, phospho- 
ric acid and water, with barely discernible traces of magnesia 
and alumina. 

The quantity of mineral at my disposal was very small, 
scarcely exceeding one gram in weight. In each of the two 
following analyses, the water was determined in 0*2 gram, the 
remaining 0*3 gram being employed in the determination of the 
lime and phosphoric acid. The result was as follows: 





1. 


2. 


Dme, 


82-65 


8273 


Phosplioric acid) 


41-60 


41-32 


Water, 


26-83 


26-40 



100-48 100-45 

These figures agree exactly with the composition of the neu- 
tral tri-basic phosphate of lime, 2CaO, HO, rOg, with the addi- 
tion of four equivalents of water of crystallization (2CaO, HO, 
PO^ +4:aq), viz: 

20aO, .... 66-26 = 82-59 

PO5, . - - . 7156 41-34 

HO 9-00 

4aq, .... 86^00 26-07 

172-62 100-00 

In the polarizing microscope, the mineral shows a vivid suc- 
cession of colors. A sample has been sent to Prof. J. D. Dana, 
who has kindly undertaken the study of its crystallographic 
characters, and I hope in a short time to be able to communicate 
the results of his investigations to the Academy. 

It is with great pleasure that I dedicate this species to Prof. 
G. J. Brush, of Yale College, to whose unwearied zeal and effi- 
cient labors American Mineralogy stands so deeply indebted. 

San FraaciBco, Cal., Sept., 1864. 
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Abt. VX — On the (kt/ataUizatwn ofBrwhite; by Jajob D. Daita. 
(Oonunanicated to the Califoniia Aeadeoif of 3dencaa.) 

The crystals of the cew mineral Brushite wbicli I bave bad 
under examination were received from Mr, Q. E. Moore, towboae 
chemical inTestJgation science owes the first determination of 
tbe species. 

The crystals are slender prisms, not over a third 
of an incn in length. A commoa form (containing 
all the occurring planes) is shown in the annexed 
figure. The prisms are monoclinic, and are oflen 
flattened parallel to the clinodiagonal, as here repre- 
sented. 

Cleavage is perfect parallel to the clinodiagonal 
sectiou, or the plane ti ; also distinct, parallel to the 
lioea cL, as apparent of^en in the cross fractures of 
crystals, and oy occasional strias. This plane of 
cleavage may be called the basal, or 0, 

The planes / and 1 are brilliant, especially the 
former. The oblique plane, situated on the back side in the 
figure, which may be called r, is quite rough, owing to an oscil- 
latory combination of two hemi-octahedral planes. In many of 
the crvEtals, only the right one of the two planes / is present, 
and also only the left one of the two planes 1. The prisms fre- 
■quentiy terminate above in an irregular edge made by the meet- 
ing of the one or two planes I and the rough plane r, and thia 
edge is souietimes cut off, more or less deeply, by a single ob- 
lique plane, which is one of the planes 1, 

According to measurements with the reflective goniometer— 
/: 7=142" 28' 1 :ti= 101" 40' 

/ : ii = 108 47 1:1 = 168 1Q (approxiraately.) 

The inclination of 1 on 1 could not be accurately measured 
on account of the minuteness of the planes in the crystals in 
which both planes occur, and the want of perfection in the re- 
flection. The angle obtained for \ : ii would give for 1:1 
156° 40'. 

By measurement with a goniometer attached to a compound 
microscope, the plane angle netween the lines of cross cleavage, 
CT cl, and the edge I: 1 (which equals the inclination of oa 
the orthodi agonal section or the plane ti) waa found to be 117°— 
117^° ; and that between edge /: I and edge 1 : 1 (which equals 
u on li, both unobserved planes), 96° to 95}''; whence, : 1» 
would equal, approximately, 147° 30'. The inclination of the 
roi^h plane r on the edge 1 : 1 is about 110°, but varies much. 

The reeolts of calculation, talcing as data the above-mentioned 
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angles /: / and 1 : tz, along with the inclination of to n = 
117'' 15', and that of the edge 1 : 1 (or li) to n = 95° 15/, are 
as follows : 

C {=0: ii) = 117° 16' and 62* 45' 

a (vertical axis) : b (clinodiagonal) : c = 0'6396 : 1 : 2*614 

1 : 1 = 166*^ 46' -1 : -1 (unobserved planes) = 164° 22' 

The species is related in form to Vivianite, in which 

a:b:c=z 1-002 : 1 : 1*3843; 

for, if we double the a of Brushite, and halve the c, we have for 
the ratio of its axes — 

2a:b:i€=z l-0'r92 : 1 : 1*307. 

The two species are also alike in the perfect and pearly clino- 
diagonal cleavage. 



Art. VII. — Introduction to the Mathematical Principles of the Nebu- 
lar Theory, or Planetology ; by GusTAVUS HiNRiCHS, Professor 
of Physics and Chemistry, Iowa State University. 

The nebular hypothesis — the boldest thought that ever elevated 
the human mind, by bringing us, as it were, in sight of the mys- 
terious fiat of the Almighty — was, in its great general features, 
unfolded almost at the same time by Germany's deepest thinker, 
the Konigsberg philosopher, Immanuel Kant, and by Pierre 
Simon de Laplace, the greatest mathematician of France. It 
is truly the closing stone in the philosophy of the celestial 
vault; for Copernicus and Kepler made us behold the founda- 
tion, — the first, by placing the sun as the lantern of the world in 
the center, and surrounding it with the planets — the second, by 
destroying the cycles and unravelling the harmony of the spheres 
in his immortal laws; and after the existing phenomena had 
thus been rightly viewed, Newton made us behold the invisible 
bond that connects the members of the system, while at length 
Kant and Laplace pointed out to us the hand that at '^the 
beginning" projected these celestial balls into space and there- 
by insured the continued existence of the system. 

But notwithstanding this noble parentage and its being the 
logical sequence of the discoveries in the theory of cosmos made 
by Copernicus, Kepler and Newton, the nebular theory enjoys 
as yet but slight consideration among astronomers. Arago' is 
the only one of these who has deigned to consider it earnestly, 
and he probably did so more in his capacity as a physicist than 
as an astronomer. 

^ Aj»go, Astroiioinie Populaire, ii, 7. Paris and Leipsic, 1855. 
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The reason of this neglect seems to be the incomplete state in 
which even Laplace himself left the theory. Direct observation, 
moreover, seemed to contradict some laws given as necessary- 
consequences of this hypothesis. 

We have already, in a former article,' tried to vindicate the 
theory in this last respect by showing that the liypothesis is 
really confirmed even in these apparently contradicting observa- 
tions. We will now endeavor to give a somewhat more com- 
plete development to the fundamental principles of Kant and 
Laplace, and to exhibit the exact position of the nebular theory 
itself, hoping thereby to show that this theory, if we only study 
it earnestly and patiently both by experiment and analysis, fully 
deserves our confidence. 

As this subject is as vast as it is difficult, we beg the critic 
always to keep in mind that we do not pretend to give a treat- 
ise, but merely offer an introduction to this almost new field of 
analysis. 

We commence with a short survey of the fundamental prin- 
ciples and the aim of the theory of the solar system, in order 
clearly to understand why the nebular theory is necessary, what 
it will have to accomplish, and how far it already has done its 
duty. 

§ 1. The fundamental constants of the Solar system. 

As the discovery of a law of nature is but the reduction of 
the infinitude of observed quantities to a few constants by means 
of a function, the algebraic expression of the law — we see that 
the progress of astronomy to a great extent must be identical toit/i the 
reduction of the number of such constants. This is fully borne 
out by the history of the science. For, while the Ptolemaic the- . 
ory* of the planetary motion required the radii and inclinations 
of seventeen different circles to express the observed motions of 
Saturn, Kepler reduced this number of constants to three, the 
semi-major axis, eccentricity, and inclination of the orbit. This 
very principle is also placed by Laplace* at the head of his Mi- 
caniqiie Celeste. 

We may therefore trust in this principle, and with Laplace 
try to reduce the number of indispensable constants. We must 
first, however, ascertain which are those constants that are now 
considered fundamental or indispensable. 

The constants of the solar system now exclusively deduced from 
observation are: 

1. The masSf m, of the planet. 

* The density, rotation, and relative age of the planets: this Journal, Jan^ 1864. 
' Fraeastor; see Bailly, Histoire do TAstronomie modeme; vol. L Park, 1779. 

Edaircissements, liyre iv, § 23, and livre viii, § 27. 

* n importe extrdmement d'en bannir tout empirisme et de la r^duire i n*em- 
pninter de Tobservation que les donn^es indispensaDles.— ifi^c. CH.^^Flan. 
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2. ThQ figure. On assuming a primitive fluidity and a small 
velocity of rotation, theory gives an ellipsoidal figure of the 
planets; hence not independent of observation. 

3. The ellipixcity of the planet. Theory may assign to it a 
higher and a lower limit by means of the mass (1) and the an- 
gular velocity (6) — but though the connection of this constant 
with others thereby is manifest, still its exact value can only be 
derived from observation. 

4. The volume^ or diameter^ of a planet. Combining this con- 
Btant with the first (mass) we obtain the density, 

5. The plane (or inclination of the axis), 

6. The direction^ and 

7. The velocity of rotation. Though this last element bears 
relation to others, still its exact value can only be obtained from 
observation. Even if Kirkwood^s law of rotation • should prove 
to be perfectly exact, this element would continue to be a funda- 
mental constant as long as that law remains an empirical one. 

8. The distance^ o, of a planet from the sun, or the semi-major 
axis of its orbit. By the theoretically proved third law of Kep* 
ler, we get from this constant the periodic time, T, requiring only 
the constant, f*, of gravitation to be known, and this latter is the 
same for all planets. 

9. The plane or inclination, t, of the orbit. 

10. The direction of the motion. The velocity is given by the 
distance. 

11. The eccentricity of the orbit. This constant is fundamental, 
for the theory of gravitation only proves the orbit to be a conic 
section of some kind. The eccentricity can only be found from 
observation. 

12. The number of satellites of a planet is also fundamental — 
and for each of them the same eleven constants have to be taken 
from observation ; the first seven even are required by the sun. 

From these twelve empirical data, theoretical astronomy can 
deduce the motion of the corresponding planet. The whole 
number of empirical constants is not at all inconsiderable ; for 

8 principal planets, constants 1-12, • - • 96 

80 small planets, " 8-11, ... 320 

23 secondary planets, " 1-1 1| - - . 263 

The sun, « 1-7, . . . Y 

Total number of constants, 676 

to which the corresponding constants for the comets would have 
to be added. 

What, in the &ce of this great number of constants that as- 
tronomy has to borrow from observation, shall we say about the 
boasted perfection of this science? Is it not in science, as in 

* This Journal, iz, 895, May, 1860; also xiy, 210, Sept., 1862. 
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morals, that self-adoration hinders progress ? Can any astron- 
omer who has not merely studied the details of the celestial 
mechanics, but also kept in mind the great principle laid down 
by its author in his "rlan" — can he still pretend that Newton's 
theory of the solar system merely needs further development, 
seeing that the few bodies of this system require him to borrow 
about seven hundred constants from observation? 

We shall honor the memory of Newton much more by trying 
to go beyond the results of his labors than by stupidly worship- 
ping • the same, and thus arresting the progress of that science to 
promote which he spent his life. 

§ 2. These fundamental constants sustain remarJcahle relations to each 

other. 

The Newtonian theory of gravitation simply accepts these 
constants as observation gives them. For if our earth had Ju- 
piter's mass, the rings of Saturn, the moons of Uranus and its 
axis in the ecliptic, the latter perpendicular to the orbit of Ju- 
piter, a retrograde motion in a hyperbolic orbit — ^it still would 
as fully and as beautifully confirm the theory of universal grav- 
itation as it does now ; for, let us openly and frankly acknowl- 
edge it, these constants are independent of the theory of gravi- 
tation because the latter is independent of the former. 
. But, though this theory does not give any reasons for any kind 
of dependence between the often mentioned constants, observa- 
tion shows that they sustain very remarkable relations to each 
other ;' or in other words, there are relations and laws in our solar 

* The literature of astronomy teems with implicit instances hereof; but we find 
also direct expressions of this feeling, like the following : 

Enfio, nous avons tu que ces resultats eux m^mes peuvent se composer en un 
seal et se representor par une loi unique, celle de la P^santear unirerselle ; parve- 
nus k priocipo nous nous voyons en quelque sorte 416v6 'k la source commune ae tous 
letfaiu tutronomiques ; tous en derivent de la mani^re la plus simple et ils y sont 
en quelque sorte comme concentres. Nous avons done pour ainsi dire d^ompos6 
le systeme du monde, nous Vavons rSduit d son Slernent unique^ et nous I'avons tn- 
suite recompos^.— Biot, TraiU Slim, dastronomie physique, Paris, 1805. Conclud- 
ing remark of the work. 

This " 616ment uniaue '' is rather singularly unique, requiring no leas than seven 
hundred elements to be borrowed from observation alone I 

^ Newton was aware of this — indeed, nobody can help seeing some of these re- 
lations. In the scholium to the third book of Principia he says : 

"Planetse sex principalis revolvuntur circum solem in circulis soli conceDtricis, 
e&dem motus directioue, in eodem piano quamproxim6. LunsB decem revolvuntur 
circam terram, jovem et saturnam in circulis concentricis, e&dem motus directione, 
in planis orbium planetarum quamproximce. JSt hi otnnes motus regulares originem 
now habent ex causis meeha7iici8." Edit, le Seur et Jacqnier Geneva 1749-42. 

It is customary to censure Kepler's fancy in contrast to the solidity of all New- 
ton's words; still a sentence like the above is much more objectionable in science 
than the boldest fancy, for the latter is not accepted without severe scrutiny, while 
the former is repeated as a sacred truth. If Newton had written " mechanical 
causes known to me " instead of by " mechanical causes," simply to imply that he 
knew them all, he would have prevented many a drawback that has encumbered 

Am. Jour. Sci.— Second Sbjiijbs, Vol. XXXIX, No.ll5.— 3jl».,\?«5. 

7 
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world of a still higher order than those dedixed from gravitation. 
Thus, the inclinations of the orbits of the principal planets, in- 
stead of being uniformly distributed over the first quadrant, are 
all very small ; and their direction, instead of being as often 
retrograde as direct, are for all planets and most satellites direct 
Instead of having the eccentricities regularly varying from to 
00 , we find them for all planets nearly zero I The same may be 
said of any of the above fundamental constants, and not least 
of the distance, as it is found approximating to Titius-Bode's 
law, that is, to 

a,=:4 + 3-2"'» (1) 

But quantities that sustain mutual relations to each other are 
the particular values of a certain function for definite given 
values of the variable quantities; hence, if we intend to be true 
to the spirit expressed by the words of Laplace above quoted, 
it is a problem legitimately belonging to astronomy to find these 
functions of which the fundamental constants are hut particular 
values. 

Let us boldly face this great problem and not desist though 
astronomers tell us that it is not part of their science. 

§ 8. jT^ fundamental constants satisfy the conditions of stability of the 

system. 

Since relations exist between the values of the fundamental 
constants, we may ask for the most general expression of these 
relations. The principal of these relations are, by Lagrange and 
Laplace, proved to be such as to fulfill the conditions of stability 
of the system. These conditions are — 

1. Incommensurability of the times of rotation^ ensured by the 
distances forming an exponential series (1). 

2, The central mass vastly preponderating, and the greatest 
masses revolving where the mutual distances are the most con- 
siderable. 

8. The direction of all motions is the same. 

4. The plane of all orbits is and remains nearly ihesame^ because 

Smf^a.tgHz=iC^^ (2) 

is and remains a small quantity (the letters having the same sig- 
nification as in § 1). 

•cienee. Less arrogant, becaofie more true, be is when 'writing to Bamett (about 
1680-81), ** but yet I must confess I know no sufScient cause of y« earth's dioraal 
motion." 

Eren Biot, notwithstanding his blind admiration, abore cited, cannot help seeing 
something more than graritation can account for, when noticing the harmony in 
the rotary and translatury motions. He says: *'cet accord, qui tient sam douteau 
premiiru eauiet qui ont dSUrfninS let mouvemenU planStaireSf eat un de» pkhumi^ 
nee Um plu» remarquabU$ du $ystime du moiMle.— Astron. physique, vol. iy, chap. t» 
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5. Tlie eccentricity^ e, of the orbit is and remains nearly the same^ 
because 

:Sm/s/a.e^=:C2, (8) 

is and remains a small quantity. 

6. The density^ d, is such that the diameter of the bodies is 
small in comparison to their distances. 

We may add — 

7. The form of the planets is such that the influence of the 
deviation from a sphere is the smallest possible. 

§ 4. Gravitation is insufficient. 

The laws of Kepler are grand — as well as Newton's theory 
in accounting for them ; but the above laws of Lagrange and 
Laplace are certainly of a superior order, and the theory of 
gravitation in failing to give even a shadow of a reason for these 
laws proves itself to be not the whole truth : we must go be- 
yond this force I 

Astronomers seem to forget the history of their own science ; 
for how could they otherwise deny the legitimacy of accounting 
for the fact that the above laws express the stability of the 
world? Had not astronomers at the time of Kepler the same 
reason to be satisfied with his laws as astronomers have now in 
abiding by the laws of stability ? And is it not as urgent to 
discover the causal connection between these laws ensuring 
great duration to our systeni, as it was to find in gravitation the 
mechanical cause of those laws ruling the spheres at the time 
being? 

Now the hypothesis of Kant and Laplace will be found to 
account for the laws of stability as rigialy as the hypothesis of 
Newton accounts for the laws of Kepler; why, then, deride the 
former and adore the latter hypothesis ? Or do we even forget 
that "the principle of gravitation" is but a ^^ hypothesise^ Did 
not Newton himself consider it as such? Is not this force fully 
as mysterious and fully as much beyond the reach of direct ob- 
servatipn as *the chaos of Kant and Laplace? The former we 
assume as continually acting, because we find that the motions 
are such as this force would produce {provided a tangential force, 
of which gravitation knows nothing, also acts in a definite man- 
ner, etc., etc.). Why not also assume the latter as having been 
real, it' we find by the same mechanical deductions that the 
existing harmony, as expressed in the stability of the system and 
ensured in the mutual relations of the fundamental constants 
follows directly from the above-named chaos? If in the one 
case we reason from fact or law to cause — whv not also in the 
other, provided our conclusion is as legitimate? 
Here astronomers will not fail to object that this last condition 
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is not satisfied. "We fully admit this ; but beg them to remember 
that it has taken two centuries of labor to ensure this legitimacy 
to gravitation — that Newton did not leave gravitation as a mere 
suggestion (as such it had existence before him), but in his im- 
mortal Prindpia gave the necessary mechanical firmness to this 
hypothesis : how different has been the lot of Kant and La- 
place's hypothesis I The first of these expounded it rather fan- 
cifully in connection with speculations on the inhabitants of dis- 
tant globes;* the latter only gave a few bold and deep outlines 
of the nucleus of the theory! What would to-day be the esti- 
mation of gravitation if we, instead of Newton's Prindpia^ only 
had a few of Hooke's sublime guesses, if these had only been 
considered by men like Fontenelle' instead of being investigated 
by Euler, the Bernouliis, Lagrange, Laplace, Gauss, Hansen, 
Plana, etc. ? 

Can anything be more unjust than exaltation of the hypothe- 
sis of Newton — this deservedly cherished subject of the master 
minds of two centuries — above the hypothesis of Kant-Laplace, 
which, being too early left even by its astronomical parent, has 
been ever since considered an outcast in the world, endangering 
the reputation of any one who would dare to touch it? 

We will adopt this almost forlorn hypothesis as a mere hypoth- 
esis — we will patiently and carefully trace its bearings by means 
of as rigid an analysis as we can command in this most intricate 
field; we will minutely compare the results thus obtained with 
the actually observed state of things ; and if we find the correi- 
pondence between idea and phenomenon, between analysis and ob- 
servation, to be very close, we hope that those who have analysis 
more at their command than rre, will pay as much attention to 
this high branch of astronomy as has been, and deservedly con- 
tinues to be, bestowed on Newton's hypothesis of gravitation. 
If our feeble endeavors only succeed in making Kant-Laplace's 
hypothesis admitted as such among analysts, we shall have accom- 
plished all we desire: for then this hypothesis will soon be con- 
sidered as firmly established a principle as gravitation," or as 
the fact of the rotation of the earth,'*^ which latter — notwith- 
standing Foueault's pendulum and gyroscopes — still remains un- 
proved hy ocular evidence^ ail "demonstrations" being in iasA 

^ Allg^emeine Natur^escliichte und Theorie des Himmels, 1755. 

' Theorie des TourbiUons Cart^siens avec des r^flectioDs sur I'attractioii (1962). 
Also his Entretieas sur la plurality des mondes. 

^^ GravitatioD was always treated as a mere hypothesis by the Carteskuis ; the 
work of Fonteneile above cited offers the instance most generally known. 

*' The scientific prejudice existing against the nebular theory is perhaps as inju- 
rions as the religious prejudice once " reaisiing" the motion of the earth. See the 
■amusing statement ia the preface to the 'Dei massimi sistemi/ (ed. Padova, 1744,) 
that the ** ' Moto della Terra * non pu6 n^ dee amettersi se non come pura ipotesi 
matematica, che serve a spiegare piil a^evolmente certi fenoEmenir* Also G«lileo 
Jtumaelf, in hia Dialogue ifipere com'pl. Firenze. Vol. i» 1848, pp. 887 and 447). 
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indactiye, reasonings with our senses. Thus, in the latter, we 
Me the plane of the oscillations rotate, but conclude it to be the 
earth. It requires at least as much mental effort to apprehend 
its true bearing as the simple reference to the diurnal motion of 
sun, moon, and stars. 

§ 5. How far the nebular theory accounts for the stability of the system. 

The theory of gravitation can never, therefore, account for 
the stability of the solar system. How far, then, does the nebu- 
lar theory explain those great fundamental conditions of the 
system that ensure not only the harmony of the solar world but 
even make this harmony (almost) permanent? 

In order to invite physicists and astronomers to the perusal of 
the following introduction, we will try to give a simple answer 
to this most important question. 

I. The plane of all planetary orbits must be nearly the same (see 
§ 1, 9, and § 3, 4, also § 10). 

This theorem has been clearly seen by Kant and Laplace ; it 
is the most immediate expression of the hypothesis. Mr. Trow- 
bridge has recently pointed out" to us a very interesting conse- 
quence hereof viz : the most distant planet must move in the in- 
variable plane ; and, indeed, the inclination of the orbit of Nep- 
tune is I*' 47', that of the invariable plane 1° 41'. 

II. The direction of all planetary revolutions must be the same ; 
this obvious consequence of the hypothesis accounts for § 3, 3, 
and § 1, 10. 

m. The eccentricity of the planetary orbits must be very small — 
accounting for observation, § 1, 11, and condition of stability, 
§8, 5 and §10. 

This proposition has been deduced in general reasonings by 
Kant and Laplace ; in the following we will try to give a dem- 
onstration of it. 

IV. The planetary distances are such that the successive planets 
were evolved at equal intervals of time; or if <=1, 2, 3, . . . . re- 
spectively for Mercury, Venus, Earth , then the distance is 

at = a + ?,f, (4) 

where «, /?, y are constants, and t the age of the planets above that 
of Mercury. From this follows the condition of stability that 
the periodic times are incommensurable (§ 3, 1). Besides, it is seen 
that this law accounts for the empirical law of Bode (§ 1, 8). 

The analytical demonstration of this law is one of the princi- 
pal objects attempted in the present introduction. (See § 13.) 

V. The mass of the more distant planets is the greater^ on account 
of the greater space from which the material of the planet was 
condensed (space increasing according to IV). This is confirmed 

^ On the Nebular Hyfiothesis, g 24; this Journal, Noromber, 1864, page 866. 
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by the fact that the sum of the four great exterior planets is 480 
times the mass of the earth, while the sum of the masses of the 
four interior planets is but twice the mass of the earth. Further- 
more, the mass must increase toward the sun — as the density from 
which the rings were formed was greater nearer the center. 
This is confirmed, as the mass of Neptune is 25*6, the mass of 
Uranus but 14*5, so that the mean of the two most distant is 
20 ; the mass of Saturn is five times as great (101'6), and the 
mass of Jupiter, again, three times greater (339*2). The mini- 
mum in the case of the mass of Uranus is evidently produced 
by the simultaneous influence of both the above principles. 

The mass of Jupiter is a maximum ; it is so great that the next 
following ring was broken up into fragments by the perturbing influ- 
ence of so stupendous a mass — thus originating the host of aster^ 
oidsy and perhaps also the meteorites. 

The very small mass of the interior planets as compared with 
the exterior ones is not astonishing, if we remember that the 
inter-planetary space between Jupiter and Saturn is to that be- 
tween Venus and the Earth, as 10 '-5-2' to l-00'--723, eras 
560 to '63, or nearly as 1300 to 1. The mass of Jupiter is to 
the mass of our earth as 340 : 1, thus giving us still some mar- 
gin for an increase in density toward the center of the nebula. 

Being as yet unable to give the precise theoretical law of the 
masses, we are obliged to make the above few suggestions, in 
order to show that the nebular hypothesis at least gives a gene^ 
ral law of distribution of the planetary masses in conformity 
with § 1, 1, and § 3, 2. (Prof. Kirkwood takes a similar view 
of the asteroids; see this Journal, 1852, xiv, 214.) 

VI. The figure of Vie planets (being a condensed vapor) must U 
an oblate spheroid of 

VII. Small ellipticity, because 

VIII. The velocity of rotation is but small (compare § 1, 2, 3, 7, 
and §3, 7). 

This last proposition is based upon the fact that the moment 
of rotation is but the difference hetween the moment of revolu- 
tion of the exterior and interior part of the planetary ring. 

Still, the exact amount of this velocity, as well as the period of 
rotation of the sun, has not yet been deduced from the nebular 
hypothesis; we have often attempted it, but as yet have not 
been able to solve this difficult proolem. 

Prof. Kirkwood has found" the empirical law of the velocity 
of rotation, a law analogous to the third law of Kepler, We have 
repeatedly arrived at expressions similar to (but not identical 
with) Kirkwood's law. 

IX. The Plane; and 

^* As above, this Journal, 1850, iz, 895. 
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X. The direction of rotation of the planets has been considered 
at variance with the nebular theory, ever since the discovery of 
the lunar system of Uranus. We believe that our analysis of 
this problem" shows that the rotation of Uranus and Neptune, 
both as to position of the axis and direction of motion affords a 
very interesting confirmation of the theory. See § 1, 5, 6. 

AX The density of the planets has also been considered as 
being adverse to the theory ; but if* as necessary, the influence 
of the age is taken into account, it is found that the minimum 
density exhibited by Saturn is demanded by the theory." Com- 
pare § 1, 4, and § 3, 6. 

XII. The number of satellites was already shown, by Kant, to 
increase with the distance from the center of the nebula. Though 
not usually given as such, it nevertheless is a condition of sta- 
bility of the system — at any rate it is conformable to observa- 
tion (§ 1, 12). 

The rings of Saturn are best considered as a host of satelloids, 
corresponding to the planetoids (and meteorites) of the solar 
world — thereby accounting for the excessive thinness and the 
subdivisions of the rings." 

In looking back upon the preceding account of the present 
aspect of the nebular theory, it will be seen 

A. That the four great fundamental conditions of stability re- 
ferring to the system at large are now satisfactorily deduced from 
the hypothesis of Kant-Laplace (I-IV above). 

B. That the problem of the ma^s (V) and the number of sateU 
liies (XII), though not completely evolved, still is sufficiently 
comprehended to enable us to say that the analytical solution is 
possible; and 

C. That the elements referring to the single planets, or rather 
their subordinate systems, are, with the exception of the exact 
law of rotation (VIII), fully deducible from the fundamental 
hypothesis of Kant and Laplace. 

We see, then, that the fundamental constants of the solar sys- 
tem, which number about seven hundred (§ 1), exhibit very re- 
markable mutual dependencies (§ 2), which are such as ensure 
the permanence or stability of the system (§ 3), which Newton's 
law of gravitation cannot account for (§4). Though they oflfer 
a higher problem for theory than Kepler's laws, astronomers 
have hitherto been unwilling to recognize the analysis of the 
above conditions of stability as part of their science. Laplace, 
while instrumental in bringing to light the great laws of the 
stability of the system, independently reproduced the bold hy- 

'^ On the density, rotation, and relative age of the planets ; this Jonrnali 1 864, 
xxzvii, 86, 48. 

" As above, p. 49. 

'* On the density, etc.; this Journal, 1864, zxzvli, 54. 
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pothesis of Kant, and thougli this has been most grievously 
neglected by analysts and astronomers, still it now affords us a 
full solution of the four great harmonies ensuring the perma* 
nency of the solar world, and also solves most, and at least in* 
dicates the solution of, all other problems relating to the ha^ 
mony of the fundamental constants of' the solar system. 

May we not hope that astronomers will begin to bestow on 
this theory some share of their labor? 

§ 6. The HypotheBia, 

We assume, with Kant and Laplace, as the primitive condi- 
tion of the solar system, or as nebula: 

The space of the solar system was filled with matter having a mih 
ment of rotation. 

This matter is endowed with the same forces we know it to 
possess; a simple calculation will furthermore show that it was 
a highlv rare vapor. Its chemical constitution we will leave out 
of consideration for the present ; we therefore consider it as com- 
posed of the elements we know here on earth, many of wbidi 
we now know to be found on the sun, and are probably also on 
the distant stars;" still there can be no doubt but that many 
more elements exist than we are acquainted with. Many of the 
spectral lines even of our own central star are irreducible to 
spectra of known elements. We therefore mean simply to say 
that at the above primitive period the elements had been createi 
I hope at some future time to publish an attempt at a mechanwd 
theory of the elementary bodies^ which has occupied my time for 
about ten years, and wherein I endeavor to show the physical 
properties of the known elements to be definite functions of their 
atomic number and form. Accordingly, there would yet remain 
a more primitive condition, the existence of the one primitive 
matter (Urstoff) which would be considered as the direct crea- 
tion of the one God. 

The rotation of the nebula is not to be thought regular, but 
simply amounting to a certain momentum. I have elsewhere" 
tried to show that such rotation may be considered as the effect 
of a difference of any kind between the primitive forces of attraction 
and repulsion wherewith we know matter to have been endowed. 

If, therefore, these views should be well founded, we should 
have arrived at the grandest principle we can conceive of in the 
present state of our knowledge; we should be able to see how 
from created matter alone the whole of the solar system has been ifc- 
veloped; we would be enabled to conceive the almighty ,/!a< as 

" Rutherford, Astronomical Obserrations with the Spectroscope ; this Jounial, 
1868, zzxv, 71. Above all, Bansen's and Kirchhoff's memoirs on their great 
coveiy. 

" This Journal, 1864, xzxrii, 62. 
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one single act. How much such a theory would tend to elevate 
our conceptions of the great Author, we cannot here develop. 

In the present paper I shall not go farther back in time than 
to the existence of the nebula of Kant and Laplace as above 
defined." 

§ 7. Plateau^z experiment 

Before entering upon the analysis of the nebula, we must refer 
to the experimental evidence of the nebular theory afforded by 
the beautiful experiments of Plateau, detailed in his Memoire 
tur lee ph6nomines que prisenie une masse liquide libre et soustraite 
i Vaction de la pisanteur^ Pt. I (Neuv. m^m. de I'Acad. de Brux- 
elles, vol. xvi, 1843). His results are : 

1. A liquid, subject only to the action of its molecular forces 
assumes the form of a perfect sphere (§ 2). 

2. This globe is flattened at its poles, if subject to rotation 
(§ 10), Although, as he thinks, the molecular forces are not 
identical with those acting in the nebula, still the results ought 
to be analogous, if they are not identical. 

** It is perhaps not out of place here to give a synopsis pf the different distinct 
Offet that are d^racterized b^ a further individualization or a new direct creation 
aooording to the views above indicated. 

Three (or four) direct acts of the Deitj may be recognized, viz : the creation of 
matter, oi life, of mind (and the redemption). The formation of the elemenU out of 
matter characterizes the fint age; the formation of the solar world, with its plan- 
eta» moons and central sun, the second age ; while the third age beheld the develop- 
mmt of our earth from a vaporous ball to its present shape ; in the fourth age, life 
was created in the form of plants and animals ; in the fifth age, mind, the investi- 
gatiI^; mind, was introduced by the creation of man, the cephalized animal: ^nd in 
the 9ijcih, redemption took place ; while a seventh age will behold the destruction of 
tiie whole system, occasioned by the extinction of the solar body and the resistance 
of ether. (See this Journal, 1864, xxxvii, 66.) 

To every age correspond two sciences : the first relates to the development — 
Whewell would call it the Paletiology of the age — while the second relates to the 
aetoaUy existing product of the development or creation of that age, i. e., the sci- 
Thus we obtain the following general view of the natural sciences : 



Age 


1 1 2 1 8 1 


4 


« 5 


(«) 


(7) 


Fkletiology 


L Crci 
De 
Blemetits. 


ation of Mat 
velopment oi 
Solar system. 


Tsa. 

f 
Earth. 


il. Cre- 
ation of 
Life. 


Hi. Cre- 
ation of 
Mind. 


Redemp- 
tion. 


Destruc- 
tion 
of the 
world. 


Atomology 


Planetology. 


Geology 


Paleon- 
tology. 


Arche- 
ology. 


Old 
Testament 


Science. 


Physics, 
Chemistry. 


Astronomy. 


Geog- 
raphy. 


Botany, 
Zoology 


History. 


New 
Testament 



These names have of course to be taken in their widest sense ; thus geography 
stands for physical geography, meteorology, etc., and history comprehends not only 
political but also the intellectual history of the human race, thus including again 
aU the sciences in their historical development. We see how ** planetology" is 
alHcKl to geology and astronomy. 
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S. If the rotation becomes sufficiently rapid, the whole globe is 
transformed into a ring in the equatorial plane (§§ 11-14) which, 
by continuing the rapid rotation of the large central disc, even 
loses its regularity, and separates into small masses which imme- 
diately assume globular forms. "But," continues he (§19), 
" this is not all ; one or more of these spheres are always seen to 
take, at the instant of formation, a motion of rotation on their 
own axes, and this motion is almost always in the same direc- 
tion as that of the ring."*' He even found that still smaller 
globes were formed. 

4. If a small disc is put into very rapid rotation, a ring is 
formed, while a part of the original globe remains on the axis 
(§21), so that Plateau rightly concludes with saying (§27) that 
most of the phenomena of the relative configuration of the 
heavenly bodies have been reproduced by him on a small scale." 

[To he eontiimed.'l 



Art. VIII. — Contributions to Chemistry from the Laboratory of Hie 
Lawrence Scientific School; by WoLCOTT GiBBS, M.D., Earn- 
ford Professor in Harvard University. — No. 2. 

§1- 

On the separation of chromium from aluminum, iron^ manga* 
nese, cobalt, nickel, zinc and magnesium, — Sesquioxyd of chro- 
mium in an alkaline solution is readily oxydized to chromic acid 
by means of chlorine, bromine or dfeutoxyd of lead. When 
chlorine or bromine are employed as oxidizing agents, the alka- 
line solution may be neutralized by acetic acid, after the oxyda- 
tion is complete, and the chromic acid may then be precipitated 
b}' acetate of barium, when the solution is free from sulphuric 
acid, and directly weighed in the form of chromate of barium. 
In place of free alkali it will be found in practice very much 
more convenient to employ acetate of sodium or potassium. 
When a solution of sesquioxyd of chromium is rendered nearly 
neutral by a solution of carbonate of sodium, and acetate of so- 
dium is added in excess, a current of chlorine gas, or a solution of 
chlorine water, readily converts the whole of the chromium pres- 
ent into chromic acid, especially when the solution is hot, and 
when it is kept nearly neutral by occasional addition of ciarbonate 
of sodium. The excess of chlorine is easily expelled by boiling, 

^ Of course ; for id this oil the density is the same. See our article, this Joor- 
nal, 1864, xxxyii, 51, ^=0. 

'* Malgr^ la difference des lois que suirent les forces attractiyes dans ee cas et 
celui des grandes masses plan^taires, nous avons vu se produire, en petit, une rft* 
presentation frappante de la pluspart des ph^nom^oes de configuration relatifs aux 
corps celestes. 
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after which, in the presence of bases not precipitated by ammo- 
nia, the chromic acia may be precipitated by acetate of lead, or ace- 
tate of barium, and weighed in the form of chromate, provided, 
of course, that no sulphuric acid is present. When sulphate and 
chromate of barium are thrown down together, the chromic acid 
may be reduced to sesquioxyd by boiling with concentrated 
chlorhydric acid and alcohol, after which the barium may be 
precipitated by sulphuric acid, and the sesquioxyd of chromium 
thrown down in the filtrate by boiling with ammonia in the usual 
manner. As the reduction of chromate of barium by means of 
chlorhydric acid and alcohol does not take place very readily, it 
is better to boil the chromate with an excess of carbonate of po- 
tassium or sodium, to filter off the carbonate of barium, and de- 
termine the chromic acid by means of nitrate of suboxyd of mer- 
cury, or by reduction to oxyd of chromium and precipitation 
with ammonia in the usual manner. 

When aluminum and iron are to be separated from chromi- 
um by this process, the two oxyds may be precipitated together 
by simply boiling, the solution after the complete oxydation of 
the chromium to chromic acid, in the presence of excess of ace- 
tate of sodium. It is more convenient and equally accurate to 
neutralize the solution with ammonia, separate the alumina and 
sesquioxyd of iron by filtration, and determin§rHhe chromium 
in the filtrate by reduction and precipitation with ammonia. 

When the oxyds of calcium, magnesium, zinc, nickel, cobalt 
and manganese are present in a solution containing sesquioxyd 
of chromium, it is best to oxydize the chromium to chromic 
acid as above, and then to precipitate with acetate of lead or 
barium. 

I have stated ia a former paper that chromic iron ore may be 
completely resolved by fusion with fluohydrate of fluorid of po- 
tassium. In this and in all similar applications of the fluohy- 
drate, it is best to .evaporate the finely pulverized mineral to dry- 
ness with a concentrated solution of the salt. On subsequently 
heating to low redness, the resolution of the mineral is effected 
with the utmost ease, a portion of the chromium being usually 
oxydized to chromic acid by the oxygen of the air. After ex- 
pelling the fluorine by heating the fused mass with sulphuric 
acid, the remaining mass may be treated with acetate of sodium 
and chlorine in the manner already pointed out, the iron and 
aluminum separated by boiling, and the chromic and sulphuric 
acids precipitated by acetate of barium, after which the chromi- 
um may be determined as above. 

In precipitating chromic acid by means of nitrate of suboxyd 
of mercury, hot solutions must not be employed, as a small 
portion of chromic acid is always reduced to sesquioxyd of 
chromium. The precipitated chromate should be allowed to 
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stand some hours before filtering. In general, the precipitation 
by acetate of lead or acetate of barium is to be preferred even 
when the resulting chromate is to be weighed as such. 

§2- 

On ike employment of acetate of sodium for the separation of vrom 
and aluminum from other bases. — The facility with which iroa 
and aluminum are precipitated from neutral solutions of the ses- 
quioxyd, by boiling with acetate of potassium or sodium, has led 
to frequent analytical applications, though the method is not so 
generally employed as it deserves. Mr. C. F. Atkinson has de- 
voted much time to a careful study of the subject, and has ar- 
rived at the following results, which appear to me worthy of at- 
tention. The sesquioxyds of iron and aluminum may be pr- 
fectly separated from the protoxyds of manganese, cobalt, nickel, 
zinc, magnesium and calcium, and from sesquioxyd of uraniam, 
by boiling the neutral or nearly neutral solutions with acetate of 
sodium, provided that the following precautions are observed. 
The solutions from which the sesquioxyds are to be precipitated 
must be dilute : half a liter of the solution should not contain 
more than one gram of either sesquioxyd or of the two when 
both are present. The quantity of acetate of sodium should be 
sufficient to con^rt by double decomposition all the bases present 
into neutral ac^tes. The acetate should be added to the metal- 
lic solution when cold and the whole should then be heated to- 
gether and boiled for a short time. It is not necessary to filter 
upon a water-bath funnel, but the beaker containing the solution 
should be kept nearly at the boiling point during filtration, and 
a ribbed filter should be employed. In all eases it is best to add 
a few drops of free acetic acia to the solution, to prevent the 
formation of basic acetates of the protoxyds. This is especially 
necessary in separating iron and aluminum from zinc and nickel. 

Finally, it is oest, whenever it is possible, to have all the bases 
present m the form of chlorids. The iron and alumina upon 
the filter in the form of basic acetates must, whenever an abso- 
lutely complete separation is necessary, be redissolved in chlo^ 
hydric acia and again precipitated by boiling with the acetate 
after rendering the solutions nearly neutral by means of carbon- 
ate of sodium. In this manner only is it possible to separate 
the last traces of the stronger bases. Finally, the basic salts of 
the iron and aluminum, after washing, must be redissolved in 
chlorhydric acid, and precipitated by boiling with ammonia in the 
usual manner, to free them completely from alkali. The pre- 
caution of a second treatment with acetate of sodium is more 
necessary with alumina than with sesquioxyd of iron alone. 
It is scarcely worth the trouble in the separation of iron from 
ealcium and magnesium. 
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According to my own observations, the sesquioxyds of iron 
ftnd alaminum cannot be separated from sesquioxyd of cfaro* 
mium by boiling with acetate of sodium, although the last men- 
tioned oxyd is not precipitated when alone in solution. In this 
case it is necessary to oxydize the chromium to chromic acid by 
chlorine in the manner already pointed out. 

§ 3. 

On the separation of manganese from cobalt^ nickel and zinc, — 
Schiel's method of separating manganese from the alkaline earths 
by adding acetate of sodium to the mixed solutions, heating the 
liquid gently and then passing chlorine through it so as to con- 
vert the manganese into a hydrate of the sesquioxyd, is better 
than that formerly given by myself in which peroxyd of lead is 
used as the oxydizing agent. With respect to Schiel's method, 
however, it must be remarked that it cannot be employed to sep- 
arate manganese from nickel or cobalt, because both of these 
metals are converted into higher oxyds under the same circum- 
stances. Nickel may, as Popp has recently shown, be completely 
precipitated as a deep blue hyperoxyd, while as I have myself 
observed, cobalt is also oxydized, though not precipitated, unless 
the solution is boiled with an alkaline carbonate. In separating 
manganese from zinc, calcium or magnesium, I have repeatedly 
found that a second treatment is necessary in order to obtain a 
perfect separation. This second treatment may be neglected in 
separating manganese from calcium and magnesium, but not in 
separating it from zinc, although the addition of a few drops of 
free acetic acid renders the process more exact. 

Though the method of separating manganese from other bases 
by means of peroxyd of lead, which I formerly proposed, will 
hardly be usea in future, now that we are in possession of more 
oonTenient processes, it will still be of some interest to chemists 
to know the precise nature of the insoluble black compound 
which is formed when peroxyd of lead, PbO,, is digested or 
boiled with an excess of a solution of chlorid or nitrate of man- 
ganese and afterward thoroughly washed. An analysis of this 
body, made some years since in my laboratory by my lamented 
friend and former ptipil, Mr. Theodore Parkman, gave the fol- 
lowing results : 

Anhydrous. Theory. 

Manganese, - - 35*10 37*96 37*53 

Lead, - - - 32*49 35*13 35*26 

Oxygen, - - - 24*87 26*90 27*20 

Water, - - - 7*52 

100*00 10000 100*00 

Neglecting the water, which may have been, in part at least, 
mechanically combined, and which amounts to between, thre^ 
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and four equivalents, we have the formula, MnOj +4PbO„ as 
the simplest expression of the results of the analysis. 

A simple and perfectly satisfactory process for separating 
manganese from cobalt, nickel, and zinc, is the following: To 
the neutral or nearly neutral solution of the chlorids, acetate of 
sodium is to be added in excess together with a few drops of free 
acetic acid. The solution is then to be boiled, and a rapid cur- 
rent of sulphydric acid gas passed through it while boiling and 
continued for half an hour. Every trace of cobalt, nickel and 
zinc, is precipitated in the form of sulphid, while the whole of 
the manganese remains in solution. The precipitate is to be 
thrown upon a ribbed filter and quickly washed with cold water 
saturated with sulphydric acid gas. It is easily washed, and 
though the sulphias of cobalt and nickel precipitated in thia 
manner are far more easily oxydized than wnen precipitated by 
boiling sulphid of sodium from boiling solutions, they will be 
found to present no difi&culty as regards oxydation upon the fil- 
ter. Manganese may then be determined in the filtrate by boil- 
ing with chlorhydric acid and precipitating in the usual manner 
with carbonate of sodium. The mixed sulphids upon the filter, 
supposing for the sake of generality that all three are present, 
are to be dissolved in chlorhydric acid and the metals converted 
into double cyanids by means of an excess of cyanid of potas- 
sium, after which the zinc m&y be precipitated by means of sul- 
phid of sodium, as recommended by Wohler. 

When perfectly pure cyanid of potassium is not at hand,, the 
following process will be found particularly convenient. Acetate 
of sodium is to be added to the solution of the mixed chlorids, 
after which the vapor of cyanhydric acid generated in a flask 
from sulphuric acid and ferrocyanid of potassium is to be passed 
directly into the solution. Cyanid of zinc is immediately pre- 
cipitated more or less completely as a perfectly white powaer. 
A solution of sulphid of sodium is then to be added as long as 
a precipitate is formed, after which the sulphid of zinc is to be 
separated by filtration. Cobalt and nickel remain in solution as 
double cyanids. The same process may be used to separate 
manganese from cobalt and nickel, sulphid of sodium throwing 
down under these circumstances a pure flesh red precipitate. It 
is easy to see that zinc and manganese together may be sepa- 
rated from cobalt and nickel by the same process and at one op- 
eration. No cyanid of manganese appears to be formed when 
cyanhydric acid is passed into a solution containing a salt of 
manganese, acetic acid, and acetate of sodium. 

I have stated in a former paper* that the sulphids of nickel 
and cobalt are thrown down from boiling solutions by a boiling 
solution of sulphid of sodium in an insi^oluble form, so that in 

' This Journal, MaAh, 1864. 
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lact even strong clilorhydric acid scarcely exerts upon them an 
appreciable action. This process has been applied to the separa- 
tion of cobalt and nickel from zinc and manganese by my excel- 
lent assistant, Mr. Maurice Perkins, and gives results which are 
very satisfactory, especially for qualitative purposes, the sulphids 
of manganese and zinc precipitated under the same circum- 
stances being readily soluble, even in dilute acid. The process 
is now substituted in this laboratory for that given in most of the 
recent works on qualitative analysis, and has been repeatedly 
tested with satisfactory results. 

§4. 

On the separation of cobalt from nickel, — A method of separat- 
ing these metals, given some years since by Liebig,* consists in 
boiling the mixed double cyanids of nickel and potassium and 
cobalt and potassium with oxyd of mercury. Oxyd of nickel 
is precipitated, while an equivalent quantity of mercury is dis- 
solved as cyanid. The method certainly gives good results but 
is not free from objection. Long boiling is necessary before the 
precipitation is complete, and it is difficult to prevent ** bump- 
ing " during ebullition. The excess of oxyd of mercury must 
be separated from the oxyd of nickel by a special operation, and 
the nickel afterwards again precipitated by caustic alkali. 

These inconveniences may be completely avoided by employ- 
ing, instead of the oxyd alone, a solution of the oxyd in the 
cjanid of mercury. When this solution is added to a hot solu- 
tion of the double cyanid of nickel and potassium, the whole of 
the nickel is immediately thrown down as a pale green hydrate 
of the protoxyd. Under the same circumstances cobalt is not 

Srecipitated from the double cyanid of cobalt and potassium, 
[r. W. N. Hill, who has repeatedly employed this method and 
carefully tested it, has found that the separation effected is com- 
plete. No cobalt can be detected in the precipitated oxyd of 
nickel by the blowpipe, nor can nickel be detected in the cobalt 
(finally separated as oxvd) by Plattner's process with the gold 
bead. The solution of oxyd of mercury is easily obtained by 
boiling the oxyd with a strong solution of the cyanid, and fil- 
tering. According to KUhn* the cyanid formed in this manner 
has the formula HgCy-f-8HgO. The hydrated oxyd of nickel 
precipita,ted may be filtered off^, washed, dried, ignited and 
weigned. The cobalt is more readily and conveniently deter- 
mined by difference, when, as is always possible, the two metals 
have been weighed together as sulphates. I am not prepared to 
say that this modification of Liebig's method of separating nick- 
el and cobalt gives better results than Stromeyer's process by 

* Add. der Chemie und Pbarmacie, Ixv, 244. 

* Berzeliiu, Lebrbuch der Chemie, iii, 872. 
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means of nitrite of potassium, but it is at least very much moTe 
convenient and requires much less time. The complete precipi- 
tation of cobalt in the form of Coa03,2N03+8KOi!f03 usually 
requires at least forty-eight hours, and rarely succeeds perfectly 
except in experienced hands. 

§6. 

On the separation of uranium from zinc, cobalt and nickel'— 
The method which I have given above for the separation of 
manganese from cobalt, zinc, and nickel, by precipitating the sul- 
phids of the three last named metals, by means of sulphydrio 
acid gas, from a boiling solution of the acetates, may be also used, 
according to the carefully conducted experiments of Mr. Perkins^ 
for the separation of uranium from the same metals. The pro* 
cess is in all respects the same, and requires, therefore, no further 
description. It will be found much simpler and more conven- 
ient than that described by Eose, by means of carbonate rf 
barium. 

§ 6. 

On the electrolytic precipitation of copper and nickel as a method 
of analysis. — The precipitation of copper by zinc, in a platinum 
vessel, with the precautions recommended by Fresenius, leaves 
nothing to be desired, so far as accuracy, ease and rapidity of ex- 
ecution are concerned. The method labors, however, under a 
single disadvantage : the introduction of zinc renders it diflBlcult, 
or at least inconvenient, to determine with accuracy other ele- 
ments which may be present with the copper. It has occurred 
to me that this difficulty might be overcome, the principle of the 
method being still retained, by precipitating the copper by elec- 
trolysis with a separate rheomotor. The following numerical 
results, which are due to Mr. E. V. M'Candless, will satisfacto- 
rily show the advantages of the method for the particular cases 
in which it is desirable to employ it. The copper was, in each 
case, in the form of sulphate ; tne deposition took place in a 
small platinum capsule, which was made to form the negative 
electrode of a Bunsen's battery of one or two cells, in rather 
feeble action. The positive electrode consisted of a stout plati- 
num wire, plunged into the surface of the solution of copper 
at its center. The following table gives the results obtained in 
the analysis of pure sulphate of copper : 



Number. 


Salt taken. 


Copper found. 


Percentage. 


I. 


1-2375 


0-3145 


25-41 


11, 


0-4235 


0-1075 


25-38 


m. 


1-0640 


0-2705 


25-42 


IV. 


1-3680 


0-3440 


25-33 


V. 


0-5665 


0-1450 


25-59 


VL 


0-4735 


0-1205 


25-48 
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In seven determinations of copper in the alloy of copper and 
nickel employed by the government for small coins, the follow- 
ing results were obtained : 



Number. 


Weight of alloy. 


Copper. 


Percentage. 


I. 


0-4160 


0-3640 


87-50 


II. 


0-6180 


0-5410 


87-54 


III. 


0-4600 


0-4090 


88-91 


IV. 


0-5120 


0-4481 


87-51 


V. 


0-4220 


0-3693 


87-51 


VI. 


0-2525 


02225 


88-11 


VII. 


0-3705 


0-3255 


87-85 



The percentage of copper required by the formula CuO, 
S0,+5H0 is 25'42, while the government standard alloy of 
nickel and copper contains 87*50 per cent of copper. The time 
required for precipitation varied from one to three hours, the 
separation of the last traces of copper being in each^case deter- 
mined by testing a drop of the liquid upon a porcelain plate 
with sulphuretted hydrogen water. The copper, after precipita- 
tion, was washed with distilled water, dried in v.icuo over sul- 
phuric acid, and weighed with the platinum vessel. The only 
precaution necessary is to regulate the strength of the current so 
that the copper may be precipitated as a compact and bright 
metallic coating, and to dry as quickly as possible. When the 
copper is thrown down in a spongy condition, it not only oxyd- 
izes rapidly, but it is impossible to wash out the last traces of 
foreign matter contained in the solution. This is well sliown by 
number III and number VI of the second series, in both of 
which cases the copper was precipitated too rapidly. The solu- 
tion from which the copper has been deposited contains the 
other elements present in the original substance. It may be 
easily poured off without loss, and the washings added. 

It appears at least probable tliat nickel may be determined by 
electrolysis in the same manner as copper, tiie solution emph)ved 
being the ammoniacal sulphate Avith excess of free ammonia. Mr. 
M'Candless obtained in two determinations in a commercial sam- 
ple 91*26 and 91*60 per cent nickel. In both cases the nickel 
was thrown down completely as a bright coherent metallic coat- 
ing upon the platinum. 

Oambriclge, Oct. let, 1864. 
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Art. IX. — Note on the Planetary Distances ; by Prof. Daotel 

Kirkwood, Indiana State University. 

To obviate any misappreheusion that may have existed in re- 
gard to the order of planetary distances proposed in this Journal 
for July, 1864, p. 12, it may be proper to state that by the term 
" radii of gyration of the primitive rings," was meant the radii 
of gyration of homogeneous circular rings, or, in other words, 
the radii of the circumferences which bisect the circular intervals 
between the orbits of Neptune and Uranus, Saturn and Jupiter, 
&c. The formula was given as empirical, in the hope that it 
might suggest a true law of nature, if not found itself in strict 
harmony with observation. 

In the article referred to, the writer suggested the hypothesis 
of the contemporaneous formation of the different members of 
our planetary system. Some additional considerations bearing 
on this subject may not be destitute of interest. 

The radius of gyration of the sun, regarded as a homogeneous 
sphere, is 0*002936 ; the unit being the mean distance of the sun 
from the earth. If we designate by K the principle radius of 
gyration when the rotation period was the same as Neptune's 
orbital revolution, we shall have 

25'J-325: 60126'J-7:: (0002936) « : K^ ; whence K = 0143. 

But the radius of gyration of a homogeneous sphere filling Nep- 
tune's orbit is 18*974. Hence we infer that before the formation 
of the planets the condensation of the solar spheroid had ad- 
vanced much more rapidly about the center than toward the sur- 
face.* The consequent tendency to unequal velocities of rota- 
tion would produce a divellent force, thus separating the nucleus 
from the outer parts, and also breaking up these exterior por- 
tions into distinct zones or annuli. As subsequent condensation 
would, to some extent, increase the rotary velocity of the nu- 
cleus, the primitive circle of division between the latter and the 
surrounding nebulous mass must have been somewhat exterior to 
the present circle of equilibriungi between the centripetal and 
centrifugal forces. The points in the revolving nebulous matter 
at which the planetary formations would originate, were deter- 
mined by certain conditions which in the present state of our 
knowledge we are unable to define. It is not, however, an im- 
probable assumption that the intervals between the orbits of 
such nuclei would be arranged in regular order. This, in fact, 
is found to be the case, at least approximately, in regard to Ja- 

' This fapt, together with its cause, as the writer has recently learned, wal stated 
by Prof. Stephen Alexander, at the Montreal Meeting of the Adq. Assoc for the 
Adv. of Sci. 
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piter's satellites. The diflferences between the radii of the orbits, 
commencing with the greatest, are, 

11-64811, 5-72677, and 8-57494. 

But while the first is almost exactly double, the second, the sec- 
ond is less than double the third. In other words, as in the case 
of Mercury, the theoretical distance of the innermost satellite is 
somewhat greater than the actual distance. Now, if the original 
intervals constituted an exact geometrical progression, can a 
probable reason be given for the present deviation ? We reply 
(1) that in the case of the primary system considerable masses 
of meteoric matter are believed to be still revolving within the 
earth's orbit ; portions of which are exterior to Mercury, and 
some even beyond the orbit of Venus ; (2) that if the Nebular 
Hypothesis be true, the primitive constitution of the secondary 
systems was probably similar ; (3) that in any system an increase 
of mass in the central body woula diminish the orbits of the sat- 
ellites ; and (4) that the contraction of meteoric rings until por- 
tions originally exterior to a given orbit had become interior^ 
would obviously have the same effect. In the manner thus 
indicated, the distance of the innermost satellite may have been 
diminished, and thus the original interval between the first 
and second orbits increased. The same explanation applies to 
Mercury.* 

With an interval = 11*64811 between the third and fourth 
satellites, and a ratio = J, we find 3-70218 as the limit at which 
the central body separated from the exterior mass. This is a 
little beyond the present circle of equilibrium between the cen^ 
trifugal and the centripetal forces, the radius of this circle being 
2-299. 

THE SATURNIAN SYSTEM. 

In the primary system* and also in that of Jupiter, we have 
found that the original circle of separation between the nucleus 
and the surrounding mass was a little exterior to the present 
circle of equilibrium between the two central forces. This is 
what ought to be expected, as the contraction of the nucleus 
would accelerate the rotation. JFor Saturn, however, we found 
the primitive circle of equilibrium less than the present ;* but in 
this calculation no allowance was made for the contraction of 

* This ezplaDation, it must be confessed, is apparently inconsistent with the con- 
darions of Leverrier id regard to Mercury*8 motion. The distinguished director of 
the Paris Observatory " has found that Mercury's mean motion has gone on dimin- 
ishing ; as if the planet were, in the progress of his revolutions, receding further 
from the sun. This is explained, if we suppose that there is, in the region of Mer- 
cury, a resisting medium which moves round the Sun in the same direction as the 
Planets move.'' — WhewelVi Hut. of the Ind. Bci., 8rd ed., vol. i, p. 6 60.-^ Perhaps 
DO satisfactory determination of the facts can be reached without long continued 
oo86rvations 

» This Journal for July 1864, p. 18. * lb., p. 16. 
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the orbits of the innermost satellites. If the radius of gyration 
for Mimas and Enceladus was diminished in a ratio equal to the 
mean of those obtained for Mercury and the innermost satellite 
of Jupiter, it was originally 3*8720. Adopting this value and 
interpolating the two missing terms, we have the following ele- 
ments conforming to our hypothesis: 



SATELLITES OF SATURN. 



Namet. 



J j Japetus, 



jj ( Hyperion, 
^^- ] Titan, 

^^^' i Rhea, 
,«- j Dione, 
^^••{Tethys, 
y i Enceladus, 
' ( Mimas, 



DiiUocei. 



64859 
43 6203 
25029 
20-706 
11-958 
8-982 
6-899 
4-9926 
4-0819 
3-1408 



Red. of Gvr. of 
Intervait. 



64-9764 

22-9694 

105540 

6-7390 

8-8720 

LimU=2-«862 



iDtenrala. 



820070 

12-4154 

4-8150 

1-8670 
Ac 

0-0000 



The ratio of the ascending series of intervals is 2*578+. 
These ratios in the systems of Jupiter and Saturn are to each 
other inversely as the orbital velocities of the two planets. The 
distance from the center of Saturn at which a satellite would 
complete its orbital revolution in the present period of the 
planet's rotation is 20075. The distance at which the nucleus 
originally separated from the surrounding mass has been found 
(theoretically) somewhat greater, as it ought to be, viz., 2 6862. 

If, then, the arrangements of the Saturnian System should 
not be admitted as confirmatory of the empirical order of dis- 
tances, we may at least conclude that it is not incompatible with 
it. The exact coincidences are of course produced by the inter- 
polation of the two terms. With these, our formula gives three 
equations with three unknown quantities, and, consequently, 
whatever the distances of the known satellites, the roots of these 
-equations, whether real or imaginary, must, in an algebraic sense, 
satisfy the conditions. At the §ame time it is easy to perceive 
that these algebraic results might be decidedly unfavorable to 
the proposed hypothesis. 

The tendency in a rotating nebula to unequal angular veloci- 
ties, resulting from the increased rapidity of condensation from 
the equator toward the center, may, perhaps, also account for 
the phenomena of spiral nebulae. If, in a contracting mass of 
vapor, a free motion of the particles among themselves be estab- 
lished before the centrifugal force becomes equal to the centrip* 
etal, a spiral convergence, like that of No. 51 in Messier's cat- 
alogue, would naturally ensue. 
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Finally, if the original constitution of the Solar and Saturnian 
. Systems was such as we have supposed, can any probable reason 
be given why the satellites of Jupiter should be found an ex- 
ception ?• It may be worthy of remark that if these bodies, or 
the rings from which they were derived, were originally double, 
the proximity of the members was such that they might be 
brought into collision by perturbation, while in the gaseous 
state. The ratio, moreover, of the ascending series of intervals 
is considerably less than in the case of Saturn, and much less 
than in the primary system. 



Art. X. — Oaricography ; by Prof. C. Dewey. 

(Continued from vol. xzxv, p. 60, 1863.) 

No. 281. Carex cortjuncta, Boott, Illust. No. 282. 
vulpina, Sullivant, Carey, Dewey. 

Spica composita oblonga; spiculis ovatis sessilibus supern^ 
fitaminiferis et aggregatis, infern^ laxis saepe sub-ramosis et sub- 
remotis, bracteatis; fructibus distigmaticis ovatis acutis brevi- 
rostratis bidentatis stipitatis et interdum sub-cordatis margine 
subscabris divergentibus, squamam ovatam acutam paulo super- 
antibus; spica plantaque pallido-viridi ; culrao 1-8 pedali late- 
triquetri, cum foliis sub-radicalibus et longis. 

This form was discovered some years since in Ohio, and named 
by Mr. Sullivant, after the European plant, C. vulpina of Lin- 
nseus. So it was held to be by Mr. Carey and others, and under 
that name described in this Journal, vol. viii, p. 348, 1849. Dr. 
Boott, however, thought it differed from C. vulpina, and gave it 
the name above. The figures in the Illustrations, No. 282, were 
taken from plants collected near Columbus, Ohio, and fully 
resemble those from Menard Co., 111., now before me. 

In the Illustrations, Dr. Boott gave the following particulars 
in which this plant differs from the European C, vulpina^ viz: a 
very '* acute-angled and flaccid culm," sheaths of the leaves trans- 
versely corrugated, spike more*lax and pale, inflorescence of a 
pallid color, and its general appearance and habit. These or 
similar characters show the great difference between C. cephalo- 
phora and 0, Leavenworthii, and doubtless should be considered 
important and distinguishing, even when, as in this case, the 
characters taken from the inflorescence are so nearly the same. 

This species resembles C. sparganioides, but its nerved fruit 
separates it; as does the form of the fruit from C. stipata. The 
specimens of C. vulpina, i., from England, Germany, and Swe- 

' For some euggestions ia regard to Mercury, see ibis Jour, for July, 1864. p. 18. 
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den, have an inflorescence more compact and reddish Iroiun; and 
the plant generally has a deeper greeuj and is also stouter. 

282. C. glabra, Boott, Illust. No. 229. 

Spicis distinctis cylindraceis pedunculatis ; terminali stamin- 
ifera, interdam ad apicen vel basin pistillifera, vel in medio; 
spicis pistilliferis, 3-4, sub-laxifloris, bracteatis, infem^ longo- 
pedunculatis et nutantibus ; fructibus tristigmatlds ovalibus sub- 
inflatis et infern^ teretibus, supern^ conicis brevi-rostratis, biden- 
tatis glabris nervosis, squamam oblongam sub-acutam vel lance- 
olatam multo superantibus ; planta pallida et glabra. 

Culm IJ foot nigh, slender, erect, leafy toward the root ; stam- 
inate spike slender, sometimes with a few fruit at the apex, in 
the middle or at the base; pistillate spikes 3-4, cylindric, slen- 
der, rather loose flowered, on slender peduncles with sheathing 
bracts which equal the culm nearly; stigmas 3; fruit oval, 
tapering below and conic above, smooth and glabrous, nearly 
twice longer than the oblong acutish scale which is white on the 
margin and green on the back : whole plant light green. 

This plant is the well-known glabrous form of C. flexuosa, 
Schk., the 0. debilis, Mx., and blended with it till Dr. Boott sep- 
arated them in 1860. More than 40 years ago it was in our 
country commonly labelled from fig. 124, Schk. 

283. C. Magellamca, Lam. 1789, and Schk., 1802. Boott, No. 199. 
C. limosa, var. irrigua, Wahl. 1803 ; Dewey, 1826. 
C, paupercuhZj Mx. 1803, and Torrey, 1843, and Boott 
G irrigua. Smith, English Botany, 1845. 

Spicis pedunculatis cylindraceis vel brevi-oblongis ferrugin- 
eis; terminali vulgo staminifera brevi, raro apicen pistillifera; 
spicis pistilliferis 1-3, subremotis recur vo-pedunculatis, bracteatis, 
laxifloris, interdum basin stameniferis ; fructibus, tristigmaticis, 
longo-rotundis obovatis sub-triquetris vix rostratis ore integria 
stipitatis, squama ovato-oblonga acuta vel lanceolata brevioribus; 
culmis, foliis, bracteisque glaucis. 

The stamens at the base of the fertile spikes have not been 
noticed by Torrey, Carey, and others generally who have col- 
lected ihe plant. They seem to me to be less common than they 
appeared to Dr. Boott, though I find them, and they were found 
by Schk. The American plant seems to be a larger and stronger 
plant than the European, even to the European botanists. 

Though the resemblance of the figure of C, Magellanica in 
Schk. to C. limosa may have been noticed, it was reserved for 
Dr. Boott to prove, by examination of the specimens of Lamarck, 
their identity with common C. irrigua of Europe and North 
America. Lamarck's name, being the oldest, must be the 
accepted name of this species. It was briefly described in this 
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Joarnal, volume x, page 42, 1826, under the above name of 
Wahlenberg. 

In cold marshes in the Northern and Western States, and 
Canada. 

284. C. rariflora, Smith, Eng. Bot., 1845. 

G, limosa, var. rariflora, Wahl., 1803 and Schk., 1812. 

Spica terminali staminifera brevi ; spicis pistilliferis 1-8, ssbpe 
2, linearibus brevibus laxifloris pedunculatis et nutantibus, brac- 
teatis vix remotis; fructibus, tristigmaticis, ovatis oblongis vel 
ellipticis triquetris subcompressis obtusis apiculatis ore integris, 
squamara ovatam obtusam vel acutam sub-fuscam subsequanti- 
bus ; planta glauca brevi et gracili. 

White Mountains, N. H., on borders of Blue Pond — ^Dr. Bar- 
ratt : northern parts of Europe and America. As a variety of 
0. limosa, this was very briefly described in this Journal with 
the preceding species. 

In the Summa (p. 233, 1846) of the acute Fries, he has spoken 
of this C. rariflora, " quasi forma reducta," as if a reduced forrrij 
"scarcely a span high,*' of his preceding species, C. Stygia; 
but C. Stygia seems more nearly related to C. limosa, //., than is 
C. rariflora. Hence, we find that Lang, in his Scandinavian 
Carices, admits both as proper species ; and he will doubtless be 
approved by others. 

J^oie. The following rare variety of C. limosa X., was discov- 
ered the lasf summer by Eev. John A. Paine, of Utica, who has 
been actively and successfully engaged in looking up the rare as 
well as the common plants. 

C. limosa, L., var. Painei, Dew. 

Culm with the terminal spike staminate, and one pistillate 
spike of the common size and form on a slender or hair-like 
peduncle, from five to nine inches long, rising from near the 
root. In one instance there was a single pistillate spike on the 
culm and near the staminate spike, and the long radical pedun- 
culate spike as before. The common form and the variety here 
described were found growing on different culms from the same 
root. 

This is a very curious variety, and seems not to have been 
discovered before. Dr. Boott says of the lowest pistillate spike 
of C. Magellanica, "rarius subradicalis ;" but this is on C. limosa 
and is truly radical, while he has figured that as subradical and 
short pedunculate instead of very long. 

285. C. miraia, Dew. 

Spicis 3-5, longo-cylindraceis inclus^ pedunculatis longe-foli- 
oso-bracteatis ; spicis staminiferis 1-3, ssspe 2, approximatia, in- 
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terdum ad basin vel erga apicen pauco fructiferis, cum glumis 
longis arctis attenuatis scabro-subulatis ; spicis pistilliferis 1-2, 
laxifloris suberectis sub-remotis ad apicen vulgo staminiferis; 
fructibus parvi-ovatis longo-conicis vel lanceolatis vix inflatis 
nervosis vel striatis longo-stipitatis divergentibus rostratis, rostro 
profundi-fisso biouspidato interdum bifurcafco vel bidentato; 
glumis fructiferis lineari-lanceolatis scabro-subulatis, fructu su- 
perno spicaa brevioribus, fructum inferiorum aequantibus, atque 
fructus infiraos plus duplo sup^rantibus: culmo superne scabro^ 
inferne obtusi triquetri et laevi; foliis bracteisque nodosis et 
margine scabris. 

Calm 15-20 inches high, stout and stiff, triquetrous, obtuse- 
angled and smooth below the lowest bract, but rough above it, 
with long and broad leaves from the base and long leaf-like 
bracts, longer than the culm, and the lower the longer, both net- 
veined and very scabrous on the edges; staminate spikes 1-3, 
commonly 2, long-cylindric, near but the lower more remote, 
covered with long narrow bristle-form glumes attenuate and 
rough-subulate, with a few fruit at their base or toward the sum- 
mit ; pistillate spikes 1-2, often 1, long cylindrio, suberect, ex8er^ 
pedunculate, at their summit staminiferous: stigmas three; 
fruit round and small ovate, long-conic, diverging, scarcely infla- 
ted, long-stipitate, with a beak deeply bifid, sometimes bicuspid- 
ate or bifurcate or bidentate with scales ovate lanceolate, rough- 
subulate, shorter than the fruit at the upper part of the spikes, 
equalling the fruit along the lower, and sometimes several, four 
to ten, of the lowest scales even twice as long as the fruit. 
Plant pale green. 

In Greece, eleven miles west of Eochester and six south of 
Lake Ontario, in 1829, by Dr. S. B. Bradley. It was not named 
for a long time, as its anomalous characters made more specimens 
desirable. But no others have been discovered in the vicinity 
of this locality, which the clearing of the forest destroyed. la 
Belleville, Canada West, in 1863-4 by John Macoun, Esq, One 
form, sent by him, accords with the above description, especially 
in the varieties of the fruit, of the rostrum, and the very long 
scale of the fruit at the base of the lower pistillate spike. 

Dr. Boott in Illust. No. 58, refers this species to C. aristata, 
It. Brown, by a mistaken* reference to my description of 0. aris- 

* His reference, " 0. rairata, Dewey^ Sill. Jour., xxvii, 240, v, 49, 48 ; Wood's Bot," 
sbould have been C ariitatat Dewey, SilL J., xxviii, 240, vol. xliz, 48 p. ; C. miratt, 
Dewey, Wood>% Bot. Not only was the volume wrong, but mirata was uninten- 
tionally substituted for anstata by Dr. Boott, which changed the whole subject. 
Indeed the full description of C. aristata. Sill. J., vol. xxviii, 18S6, referred to by Dr. 
Boott, was printed years before I had heard of 0. mirata, proving that the deiicrip- 
tion was of C. aristata evidently, and of no other, it may properly be added, u 
Dr. Boott implies in 1858. 

If the " Note,'' Sill. Jour., xlix, 48, 1846, is noticed with care, it is obvious a mU- 
iake IB made, because the last sentence deniei what the preceding asserti. It will 
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tata, whicli has no connection with any other specimens, and by 
that self-destructive " Note," vol. xlviii, p. 49. 

When No. 58 was published, Dr. Boott had not seen any 
specimen of C. mirata ; but since that time he has seen two 
specimens of it, which I forwarded to him, and one of which 
was a present to him from Dr. Bradley. Circumstances led me 
to suppose he had changed his opinion in consequence ; but his 
death, so unfortunate for this science, has prevented the publi- 
cation of the 4th Part, which was! to contain it and was known 
to be nearly ready for publication. What measures can be taken 
to secure its being printed and circulated ? 

Another form, judged by Mr. Macoun to belong to this species, 
has been provisionally named 

C. miraia, var. minor. Dew, 

Staminate spikes 2-3, often 8, long and short, and scales 
slightly larger; pistillate spikes 1-2, some shorter with stamens 
at the apex, or below it, or both, as in C. mirata, with fruit 
slightly more inflated, and its scales generally shorter than the 
fruit; plant older, with brown spikes and scales. 

In Belleville, C. W. ; Mr. Macoun. 

Note. C. rostrata, Mx,, commonly obtained from ponds near 
the base of the White Mts. N. H., was found most abundant by 
Rev. Mr, Paine of Utica, in August last, at a pond or small lake 
near the well known Bald Eock or Mt. in the N. E. part of Her- 
kimer Co., at the west foot of the Adirondack Mountains. Muh- 
lenberg had not seen it, as he referred this name, rostrata^ to' his 
C. tentaculata. It was not recognized from the time of Michaux 
to 1840, when it was described in this Journal, vol. xxxix, p. 52. 

0. lenticularis, J/x., was found also by Mr. Paine along the 
chain of the " Eight Lakes," in Herkimer Co. 

0. Houghtonii, Torr,^ has been found, the last season, 60 miles 
north of Belleville, by John Macoun, Esq., an active and dis- 
criminating botanist. The same species has been found, the last 
two seasons, by Eev. Mr. Blake, of Gilmanton, N. H., and in 
Milford, north of Bangor, Me. With great pertinence was it 
named by Dr. Torrey. 

be rectified by the insertion of C. arisiata, so as to read, " For description ^and fij^- 
ore of C. aristata, R. Br., refer to vol. zzviii, p. 240, of this Journal ; tab. v, fig. 67. 
fnns species the fig. 57 finely represents, while it is very unlike 0. mirata, as is 
tbftt description in Vol. xxviil So certain is it, that the "Note" assumes the great 
^ference between C. aristata and C. mirata, instead of uniting them. 

Ax. JouB. Sol— Sbookd Sbsies, Vol. XXXIX, No. 115.— Jan., 1865. 
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Abt. XL — On the Action of Ozone upon Insensitive lodid and 
Bromid of Silver; by M. Caiust Lea, Philadelphia. 

A STATEMENT has recently appeared in the French scientific 
Journal Les Mondes, from which it has been copied/ to the eifect 
that ozone is capable of giving sensitiveness to insensitive iodid 
of silver. Mr. J. P. Kaiser states that he has found that certain 
vapors, such as the vapor of benzine, exercise a powerful effect 
of this kind, converting one insensitive variety into one that 
was highly sensitive: that he attributed this efiect to the ozone 
produced by the contact of this vapor with atmospheric air :— 
that he therefore experimented with air ozonized by a galvanic 
induction apparatus, and found the same results produced, bat 
in a much more marked degree. 

This sUitement was not altogether the first suggestion of tbe 
matter which I had seen. A French Photographic Journal nar- 
rated, a few months back, a case in which a photographer, whose 
plates had refused to afford any image at all, restored their sen- 
sitiveness and got them into satisfactory working order by sim- 
ply generating ozone in the room. To this latter statement, I 
was disposed to attach little importance. But the explicit and 
circumstantial one just above referred to, was a different matter. 

Those who put forth these statements do not seem to have 
been aware of their true importance. Not only would such a 
fact be of great theoretical interest, but its practical applications 
would be immense, especially in reference to out-door photog- 
raphy, the easy execution of which on wet collodion would at 
once have become practical. For plates could be coated with 
insensitive iodid of silver in ordinary light, (say, for example, 
after Mr. Sayce's formula). This plate could be placed in an 
ordinary dark slide ; and a vessel containing the means of gen- 
eratingozone could be placed in the camera. On withdrawing 
the dark shutter from the slide, the plate would be uncovered, 
and exposed to the ozonized air of the camera. In due time the 
lens would be uncovered, and the image allowed to fall on the 
now sensitive surfoce. The development would then be effected :| 
in one of Weiske's developing cases, and thus the whoje process 
would be reduced to the utmost simplicity. 

In view, therefore, of the interest which attaches to this ques- 
tion, I was led to make the following trials. In place of usine 
ozone generate«i by electricity, as done by M. Kaiser, I preferred 
to generate it by chemical means, viz : by phosphorus, and also 
by the action of sulphuric acid on chameleon mineral. As the 

^ Se« Britisl) Journal of Photog;riiph7, 1864, p. 892. Also Pboc MitthenoQKtQv 
Nov. 1864, in which it is suggested that osone acts by destroybg a trace of aUuliiM 
ioctid present. 
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flonrce of the ozone was not the same as that used by M. Kaiser, 
tny results cannot be considered as strictly controlling his, but 
the action of ozone from the two sources is so similar that we 
should naturally expect similar results in the two cases. 

A. OZOKB BY PflOSPHOBJJS. 

The ozone was generated in a large bell glass, and the experi- 
ments were not commenced till pa|>er impregnated with starch 
and alkaline iodid exhibited an immediate and strong ozone re- 
action. 

L Action on Iodid of Silver, 

Paper was plunged into an ordinary negative bath, and dried. 
Strips 'were immersed in solution of iodid of potassium, and 
without leaving them in too long, were next thrown into clean 
water and washed. 

(1.) A piece of this paper, thus imbued with washed insensi- 
tive iodid of silver, was placed in the ozone apparatus for two 
minutes. It was then exposed to diffuse daylight for six sec- 
onds. The application or an iron developer produced no dark- 
ening whatever. A longer exposure to light was also without 
effect The paper was just as insensitive as before being exposed 
to the ozone. 

(2.) The effects of a longer exposure to the ozone were next 
tried. The paper, prepared as before, was ex]:)osed for half an 
hour to the action of the ozone, and ex|:K)sed to a moderate dif- 
fuse daylight for twenty seconds. The iron developer produced 
no effect whatever. 

(3.) Same as (2), but exposed to light for thirty fieconda. 
Besult as before. 

(4.) Tho paper was prepared as before, but, after immersion in 
the solution of iodid of potassium, the washing in water was 
omitted, and the strip was placed in the ozone apparatus just as 
it left the solution of iodiu. The paper immediately changed 
to a deep chocolate brown, while still in the ozone apparatus. 
This effect was at once attributed to the action of the ozone on 
the free alkali ner iodid, but to place the matter beyond doubt, 
tbe paper was thrown into a solution of hyposulphite of soda, 
which instantly bleached it. 

It seems hardly likely that this reaction, so well known, could 
have been mi.staken for an indication of sensitiveness to light. 
Perhaps, if the exposure to ozone had been conducted in dif- 
fuse daylight instead of in a dark room, a careless experimfn)ter 
might have been misled, by the similarity of the chocolate-brown 
color produced to that so often occurring in photography, into a 
mi&apprehension of the agency at work, and might have supposed 
tliat the ozone had rendered the insensitive iodid of silver sensi- 
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tive to the diifuse light of the room. Such an error seems, 
however, unlikely. 

(5.) Paper was prepared as before, was exposed fifteen min- 
utes to the action of ozone, then one minute to the light of a 
strong argand gas burner, one half being protected from the light 
An iron developer was then applied. No effect was produced, 
nor could the side exposed to the light be distinguished in any- 
way, after the application of the developer, from that which bad 
not been exposed. 

[It was previously ascertained that a sensitized collodion plate 
placed in the same position as respects the same light, was power- 
fully impressed in 20 seconds, or one-third the time just men- 
tioned.] 

(6.) Paper was prepared in the same manner, but after placing 
in the solution of iodid, and washing, it was dried, and in this 
condition exposed to the^ ozone for fifteen minutes. Then to 
the same gas light for one minute, partly covered. Eesult same 
as number 5. 

(7.) After treatment with silver and iodid, and washing, the 
paper was exposed to ozone for fifteen minutes, then to the same 
gas light as in (5) and (6) for one minute, partly covered. It 
was then developed with pyrogallic acid to which nitrate of 
silver and citric acid had been added, and this was kept on till 
the paper was blackened by the deposition of silver. Not the 
slightest distinction could be traced between the parts that bad 
been exposed to light, and those that had been produced by 
thick yellow paper. 

II. — Action on Bromid of Silver, 

(8.) In order to give a greater variety to the experiments, the 
bromid of silver submitted to trial was not disseminated through 
paper as was done with the iodid in the foregoing trials, but was 
used in a collodion film. For this purpose a collodion was made 
somewhat similar in character to that proposed by Mr. Sayce, in 
which the bromid of silver is suspended in the collodion with its 
sensibility destroyed by the presence of a small excess of alka- 
line bromid. The proportions used were as follows : 

Ether, ----- i ounce. 

Alcohol, 1 " 

Pyroxyline, - - - - 10 grs. 
Bromid of amnaonium, - - - 9 " 
Nitrate of silver, - - - 13|- " 

These proportions leave a slight excess of bromid of ammo- 
nium present, which ensures that the bromid of silver is in the 
insensitive form. 

(9.) A portion of this collodion was poured on glass and ex- 
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posed to a highly ozonized atmosphere for three minutes. It 
was then exposed to a large gas light for fifty seconds. On the 
application of an iron developer no darkening was observable. 

(10.) In order to aflford a term of comparison, a film of ordi- 
nary collodion was sensitized in the negative bath in the usual 
manner, and was exposed to the same light for twenty seconds. 
On the application of the same developer it was strongly dark- 
ened. 

(11.) The same collodion as in (9) was exposed to the same 

ozonized atmosphere for 45 minutes. It was next exposed to 

the same gas light as (8) and (9) for thirty seconds. The appli- 

5 cation of the developer produced no darkening. 

I (12.) Same as (10), but exposed to light for one and a half 

minutes. Besult as before. 

(18.) Same, but exposed to light for three minutes. Besult as 
before. In no case was the slightest reducing effect produced. 

B. Ozone by chameleon mineral. 

Action on Bromid of Silver. 

The bromid of silver was used in the same form as before, 
viz: in collodion containing a small excess of bromid of am- 
monium. I should have mentioned before that the insensibility 
to light of this argento-ozonized collodion was first carefully 
tested and proved. Ozone was generated in a closed box by 
the action of undiluted sulphuric acid on chameleon mineral ; 
the vessel containing which was set aside for a short time to let 
the purple vapors pass off. It was then set in the box, and the 
condition of the atmosphere was examined from time to time 
by appropriate test paper. 

(l4.) Before commencing with the ozone trials, a piece of glass 
was colfodionized with ordinary collodion and sensitized in the 
negative bath. It was then exposed to a weak diffuse daylight 
for thirty seconds, after which it immediately darkened under 
the developer. This was to determine the action and power of 
the light in question. 

(15.) The collodion containing insensitive bromid was exposed 
■ to a weakly ozonized atmosphere for ten minutes. It was then 
exposed to the same daylight as the ordinary sensitive plate 
mentioned in (14), and for the same- time. An iron developer 
was then applied, but not the slightest indication of sensitive- 
ness was observable. 

(16.) The last experiment was repeated under the same con- 
ditions, but with a treble exposure to the action of the same ozon- 
ized atmosphere, viz : thirty minutes instead of ten. The ex- 
posure to light was the same, and the insensitiveness the same. 
(17.) Instead of a weakly ozonized atmosphere, as in the last 
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two cases, a strong one was prepared, and a plate similarlj pre- 
pared with insensitive argento-bromid collodion was placea in 
It ten minutes. It was then exposed to the same light and 
treated in the same manner as in the experiment immediately 
preceding, and with the same results: — not the slightest indica- 
tion of sensibility. 

In this last experiment, the atmosphere was ozonized sufficient- 
ly to render iodid of potassium and starch paper instantly blue, 
in the two previous, this reaction showed itself more gradually. 

In remarking upon the experiments just detailed, I may ob- 
serve in the first place that the ozone was unquestionably always 
present in such strength as to bring out its marked chemical 
effects. This was demonstrated not only by its action on the 
characteristic test paper, but also by its chemical action exhibited 
in experiment (4). 

Again, the experiments were tried in the most varied ways. 
The ozone was produced in two different manners, and of varied 
strength. The surfaces to be tested were also exposed for widely 
varied times, from two minutes to forty-five. 

The nature of the liglit was also varied, experiment having 
been made both with daylight and artificial light. The time of 
exposure to light was very various, and in several cases, after 
the first results had been noted, the paper or film still wet with 
developer, was carried into the light and exposed for some time, 
to see if any faint sensibility existed and would manifest itself 
by the prolonged action of light. No such result appeared. The 
experiments included botli iodid and bromid of silver, and both 
paper (of which two diflferent sorts were intentionally used) and 
collodion were used as the vehicles for the silver compound. 

The result appears to show pretty clearly that ozone has no 
power of giving sensibility to insensitive iodid or bromid of sil- 
ver formed in the presence of excess of alkaline iodid, whether 
the excess be left present, as in the bromid experiments, or be 
removed, as in those made with iodid. Or at least that this is 
true in respect to ozone produced in the two manners which I 
have described. If Mr. Kaiser has really succeeded in sensitiz- 
ing plates in the manner described by him, I think that result 
might possibly be ascribable to some direct effect of the induced 
electricity which he employs, and not to the ozone produced. 
But the aescription of his experiments which has reached me 
in the British Journal is so brief (no details whatever are given) 
that the above can only be considered as a mere suggestion of 
an explanation of the opposite results obtained by him. The 
whole subject is an interesting one, and the effect of all the 
forms of physical force, especially electricity and heat, on the 
silver haloids might no doubt be advantageously studied. 



Correspondence of J. Nicklhs t9 



XII. — Prize for applications of the Electric Pile. — Beieroge^ 
^Influence of Light on Proto-organisms. — Association for 
Advancement of Meteorology. — On t/ie intensity of action of ike 
r disk. — Acclimation of Oalmon in Australia. — Prodtiction 
e Sexes, — Cutting of the Isthmus of Suez. — First idea of Eleo^ 
Telegraphy. Correspondence of Prof. J. Nickles, dated 
icy, France, Oct. 20, 1864. 

» for applications of the electric pile. — The prize of 50,000 
, which was founded in 1852 by the Emperor Napoleon, 
LSt been decreed to Ruhrakorffj for the induction appar* 
£nown as "Ruhmkorffs coil," the mechanism of which 
ere among the first to make known.* The committee, 
ting of Messrs. Pelouze, Bayer, Serres, Becquerel, H. St 

Deville, and others, was presided over by Dumas. Wo 

the following extracts from his report : 

r. Ruhmkorff was at first a workman for some of our best 

uctors of physical apparatus, afterward had his own work- 

and finally became nead of a house of constantly increase 

lebrity. 

is education was gained, little by little, through reflection, 

and the lectures of certain professors heard as it were by 
I in his occasional hours of leisure. Modest, of unyiela- 
rseverance, and of a self-devotion which has earned for him 
ghest encomiums, Mr. Ruhmkorff will ever remain the 
>f his class — a model for the numerous intelligent work- 
rho fill the higher order of workshops (ateliers de precision) 
•is. To those, who, like him, know how to control their 
3, who faithfully strive for perfection in work and clearness 
ceptions, who bend their attention to one object, and labor 
igly until a high superiority is gained and also for them- 

the satisfactions of a ripe age, the compensation for the 
ces and privations of youth will not be lacking in a coun- 
lere, more than ever, merit finds recompense, 
nee 1851, Mr. Ruhmkorff has devoted nimself to the con- 
on and perfection of his apparatus, and he has ended by 
ng for it his own name, by giving it a scientific value 

no one contests, and by rendering it of so great power as 
ome a means of numerous practical applications, 
tie Ruhmkorff apparatus unites the two forms of electricity, 

had been separated as by an abyss — the old machine eleo- 
, characterized by a capability of producing sparks and by 
; tension, and the electricity of the pile, characterized 'by 
*eeble tension and by its inability to produce true sparks* 

' This Journal, 1853, zv, 114 ; 1863, Tol. xzxiil 
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" If Franklin's discoveries placed beyond doabt the identity 
of mechanical electricity and lightning, there remained, never- 
theless, among the phenomena which accompany storms, many 
circumstances the explanation of which was yet inaccessible to 
science. We must therefore regard as a valuble acquisition to 
meteorology the observation that the spark of the Buhmkorff 
apparatus consists of two parts — an instantaneous line of light 
and an areola of measurable duration. The magnet divides the 
latter ; a breath, or any body in motion, draws it out, and the 
electric spark thus divided continues its route in these two direc- 
tions at once, as long as the passage of the current continues 
uninterrupted. 

" In a vacuum, the electric spark develops light, and that 
developed by the Euhmkorff spark takes different colors in dif- 
ferent gases; it brilliantly illuminates fluorescent bodies, and 
divides itself into parallel bands separated by dark spaces per- 
pendicular to the axis of the recipients. These colored lamin- 
ous bands obey the action of the magnet which attracts or repels 
them, and which impresses upon them, at the pleasure of the 
operator, those movements of translation or of rotation by means 
of which De la Eive' has reproduced the appearances observed 
in the Aurora Boreal is, justifying, thus, the analogy recognized 
between the electric light produced in a vacuum and that of the 
polar auroras. 

'^ Glass tubes illuminated by the same means give out a light 
sufficiently bright to be used in mines that are liable to explo- 
sion : they also serve under water as a lamp for divers — ana in 
surgery, to carry into the back part of the mouth, and Other 
cavities of the body, a light which gives no sensation of heat 

** The spark of the Buhmkorff apparatus inflames combusti- 
bles, and explodes gaseous mixtures ; and it has thus supplied 
to Lenoir's gas-engine the means necessary for producing the 
successive inflammations to which it owes its mechanical power. 

" The working of quarries, the boring of tunnels, the explosion 
of heavy charges in mines, give to-day regular employment to 
the Euhmkorff apparatus.* Mines had been exploded previously 
by the aid of the pile ; but the Euhmkorff apparatus has left all 
other modifications far behind, by reason of the small number 
of elements which it requires — three instead of one hundred— 
the power of its spark, and finally the possibility of exploding 
eight or ten mines at once. In the expedition to China, in 1860, 
the Euhmkorff* apparatus was used to blow up, by means of eight 
mines simultaneously exploded, the principal fort of the Peiho, 
as well as the iron stockade at the bottom of the river." 

Dumas then reviews the principal applications of electricity 
to Mechanics, such as the automatic break of Achard, the weaving- 

> This Jouraal, 1868, vol. z?l ' This Journal, 1864, vol. xriii. 
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looms, the pentagraph of Caselli, the writing telegraph of Prof. 
Saghes, etc. He then spoke of illumiDation by electricity, and 
mentioned the electric regulators of Staite, Serrin, and Dubosc, 
the illumination of light-houses by induction currents, observing 
that successful experiments have been made with it by the 
Light-house Board : at Havre, upon Cape de la H^ve it erected, 
several years ago, an electric lighthouse equivalent to 8000 Car- 
eel burners, by the side of one lighted with oil ; the electric 
light was readily distinguished, by its brilliancy and intensity, 
from its neighbor which appeared red. 

Under Medical eleciricitt/ there was a reference to the observa- 
tions of Dr. Duchenne of Boulogne and those of Middledorf, of 
which we have given an account when treating of Galvano- 
caustic, and according to which, by means of platinum wires 
brought to incandescence, the tissues may be divided, and the 
removal effected of polypi and tumors from organs that are 
deej^ly seated or otherwise difficultly accessible. 

A new competition will take place, five years hence, to which 
all applications of electricity will be admitted, whether to medi- 
cine, the mechanic arts, or industry, without distinction of origin 
or of nationality. 

Heterogeny, — ^The discussion which has existed for several 
years between the partisans of spontaneous f2[eneration and their 
opponents, is entering upon a new phase. The two parties de- 
sire to unite and experiment together, for it is in that direction 
that a beginning must be made. Thus it has happened, as in 
politics, at first fighting, then, conferences or conventions. 

Whatever be the opinion on this great subject of generation, 
it is impossible that new and instructive facts should not be 
^brought out by this convention, in which chemists of known 
skill are assisted by such physiologist3 as Pouchet and Joley. 
There is every reason to believe that each party holds some 
truth, and that their differences have arisen from their different 
methods of experimenting. At any rate, there is no opportu- 
nity for temper in the debate.^ 

Influence of light upon i/ie production of proto-organisms, — One 
element of the solution of this question of heterogeny resides 
ia the sun's light, which produces some effects that are not known 
to result from arti6cial light or heat, as has been already made 
known by Messrs. Pouchet and Ch. Morren. Some new facts in 

* Since the above was written, several meetings have been held at the Oarden of 
Flanti in Paris. Nothing has resulted from this convention except the verj sad fact 
that theological considerations seem to have got the better of the attentive observa- 
tioo of facts, just as in the time ef Galileo. There is, then, nothing to do but to ob- 
nnrethat the savants have all agreed that reason, which doubts, observes and 
itodies, lias nothing in common with that kind of faith which believes without 
mmination and without proofs. 

Ax. Jour. Sol--Sscokd Ssbim, Vol. XXXIX, No. 110.^JAir., 1865. 
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their support have been observed by Professor Montegazza at 
the University of Pavia. 

Two female frogs were quickly killed, by the destruction of 
the spinal marrow, and placed in two glass vases each of which 
contained 115 cubic centigrams of well-water perfectly t^anspa^ 
ent and free from all foreign bodies. One of these vases was 
left in diffused light, the other was placed in a box which did 
not permit a single ray of light to reach it. 

The experiment was continued seventeen months. It is neces- 
sary, before giving the results of this long trial, to state that every 
time that the two vases were compared, they remained exposed 
to the air for an hour or more, and that the air was renewed aft 
each observation. Germs could, then, easily fall in ; and yet the 
results were very different in the two cases. 
The following are the observed results : — 

1. Two identical bodies exposed to free air may present very 
different phenomena of putrefaction, according as they are ex- 
posed to the influence of the light, or shut off from it. * 

2. The chemical and biological phenomena of the two forms 
of putrefaction are very different, that is, we have in each case 
some special chemical products, and some peculiar animal and 
vegetable productions. 

8. In darkness, there was a marked tendency to the productioa 
of vegetable organisms and very simple infusoria ; the frog that 
underwent putrefaction while shut off from the light prodaoed 
only some Mucedines, Monads and Vibrios; while the other 
afforded a very complicated fauna — Bacteriums, Vibrios, Spirel* 
las, Monads of different species, Amoebas, Kerones, Alysum, 
Enchelides, Trachelius, — and finally Infusorians still undesoribed, 
much resembling the Zoosperms of the Tritons. ♦ 

4. The abundance and superior organization of the Infusoria 
depend much more upon tne progress of the putrefaction than 
upon the amount of putrescible matter. The more simple spe- 
cies always appear first. 

5. The production of species of Bacterium takes place many 
times during the course of a long putrefaction. ] 

6. When the liquid presents a new fauna, the new species are 
from the outset represented by a number of individuals at once; 
from one day to the next, they are simultaneously produced. 

7. In the course of a long putrefaction, there are some genera- 
■ tions which endure for some days ; others exist for a much longer 

time. 

8. Bapid changes in the chemical composition of a putrescible 
liquid are always, or nearly always, followed by new seta of ani- 
mal and vegetable microscopic life. 

9. When circumstances are little favorable to heterogeny in a 
very long putrefaction, there may be intervals of time of greater 

or less length, in which the liquid pi^^^ivXa xvo oi^^tiv^xl. Who- 
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ever should content himself with observing at such a moment, 
might say that there had been no generation ; while some days 
before, or some days after, there had been, or there would be, a 
Terr abundant production of vegetables, or of animals, or of 
both at once. 

From all the comparative tables, I select an observation made 
on November 20th, after more than seven months of putrefuclion. 
Temperature at the time 10** C. 

In the light. — The liquid had a slight odor of boiled meat. — • 
On the surface many very lively Kolpodes, a great quantity of 
Vibrios, some Alysca. — Some Infusoria which strikingly resem- 
ble the Zoosperms of Tritons. — At the bottom, some dead Kol- 
podes, and some in the act of multiplying by division \ into two 
or four individuals. Many Vibrios; some Monads. 

In the dark. — The liquid had a very strong odor of mushrooms. 
— No organisms; the whole mass liquid. 

Association for the advancement of Meteorology. — This associa- 
tion, founded at the commencement of the year 1864, under the 
presidency of Le Verrier, is a great success. It meets peri- 
odically at the Observatory of Paris. It has just founded prizes 
for the encouragement of meteorological studies, and especially 
the study of the general movements of the atmosphere. All 
meteorologists are admitted to competition, without distinction 
of nationality. 
The following are some of the details of the programme : 
"According to the generally received opinion, the storms of 
the coasts of France come, already formed, from the Atlantic. 
An extended series of meteorological observations made over 
this vast sea, is, then, the necessary basis of the work proposed 
for the principal prize. This prize will be of 4000 francs. The 
memoirs must be delivered to the Secretary of the Society be- 
fore December 31st, 1865. 

" A sum of 8000 francs will be divided between the authors 
of the best observations made at sea, or in places little known 
in a meteorological point of view. 

"Finally, two prizes, of 500 francs each, are offered for the 
best memoirs upon the application of Meteorology to agricultural 
qaestions. The prizes of 800 and 500 francs may consist of in- 
struments for observation." 

Upon tlie intensity of action of different parts of die solar disk. — 
With regard to the late researches by Secchi — according to 
which the calorific radiation of the center of the solar disk is 
greater than that of the borders, nearly in the ratio of 2 : 1, Mr. 
Volpicelli writes that the fact was very exactly observed in 1614 
by Luc Valerio, a mathematician of Naples, author of a work, 
Ik centra gravitatis solidorum, and of another De quadratura para- 
boles per simplex falsum. He was a professor in the Roman Uni- 
versity^ and has been called the Archimedes o{ \i\& ^%^. 
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In one of his letters to Galileo, Luc Yalerio considers the rays 
preceding from the central part of the solar disk as the more 
active. 

Analogous facts have been observed by Mr. Boscoe, according 
to whom the center of the disk exerts a more intense chemical 
action than the borders. He has also observed that the south 
polar zone is more active than the north. 

Acclimation of Salmon in Australia. — Becent experiments car- 
ried forward by the Acclimation Society have shown that it is 
possible to transport to distant countries the eggs of fertile fishes. 
One of its members, Mr. Millet, having observed that melting 
ice diminished the pulsations of the young fish of the Salmon- 
idad and delayed the hatching of the eggs, took the idea that this 
method would serve for the transportation of eggs of the Sal- 
monidad to Australia and Tasmania. The plan has succeeded, 
in spite of damaged eggs; a very large number have arrived 
there in a healthy state, and have been deposited in the riven. 
Starting from London on January 15th, 1864, the eggs arrived 
at Melbourne on April 6th, and at Hobart Town, (Tasmania,) 
on the 28d. Everything indicates success. 

Similar attempts have been made in the French possessions in 
Algeria, the rivers of which are very barren of fish. Eggs of 
salmon and trout have been carried there from Huningue (Haot- 
Rhin), where, as we have previously seen, are found the prin- 
cipal basins for pisciculture. In spite of the diiferences of climate, 
these eggs have arrived safely, and have hatched in the basins 
prepared for them; they already begin to people the rivers. It 
IS a result of no moderate interest to see the salmon of Uie 
Bhine and the trout of the Vosges transported to Africa, Aus- 
tralia, and Tasmania, and living and becoming acclimated there. 

PtodiLction of tilt sexes, — What are the causes of the production 
of the sexes? This question, which has occupied the earnest 
attention of physiologists, has been thoroughly studied by Mr. 
Thury, according to whom the product is always of the male 
sex when the fertilization of the ova occurs at complete matur- 
ity, and is always female when it takes place at a less advanced 
period. 

There is a very simple way of solving this problem. It is to 
select for experiment species that come to maturity in succession, 
and, that during a single impregnation, fertilize the whole series of 
ova which detach themselves from the ovary during a period of 
eight, ten, twelve, fifteen, or even eighteen days. We know, 
indeed, that, in the case of the hen, a single coupling suffices for 
the fertilization of five, six, or seven eggs which she is about to 
lay and which are arranged in her ovary in the order of their 
maturation. Now, in such a case, if the theory is exact, the fint 
egg laid ought always to produce males and the others femalei 
without any possibility of the luvemotL oi \.Vi\& otdat. 
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This is verj near what has been observed by Messrs. Coste 
and Gerbe : 

A hen, separated from the cock at the time of her first laying 
ibis year, gave five fertile eggs in the space of eight days. 

The egg laid on March 16th produced a male ; that on March 
17th a male ; that on the 18th a female ; that on the 20th a male ; 
that on the 22d a female. 

A characteristic fact in this experiment is the production of 
a male after a female, which ought not to have taken place 
accdrding to the theory. But is it only a simple exception ? Or 
is it necessary to consider the fact a radical objection ? We may 
learn by and by on this point, from the researches in which Mr. 
Oerbe is now engaged. 

On the occasion of the preceding note, Flourens recalled an 
experiment which he made, thirty years ago. 

** Aristotle had observed that the pigeon ordinarily lays two 
eggSy and that of these two eggs one commonly produces a male 
and the other a female. He wished to know which was the eeg 
that gave the male, and which the one that produced the female. 
He found that the first egg always gave the male, and the second 
the female. I have repeated this experiment as many as eleven 
times in succession, and eleven times in succession the first egg 
gave the male and the second egg the female. I have seen again 
that which Aristotle saw." 

Cutting of the Isthmus of Suez. — The almost certain success of 
the canal across the Isthmus of Suez fixes attention, more than 
ever, upon other projects of the kind. The cutting of the isth- 
mus of Malacca and of that of Darien await only the completion 
of the Suez ship canal. In France, they are talking of uniting 
the Atlantic Ocean with the Mediterranean by a ship canal which 
would borrow part of its route from the old Southern Canal. In 
Holland, a society is incorporated, under the title of a "Com- 
pany for the cutting of the isthmus of Holland," to establish a 
canal joining Amsterdam and the North Sea by a direct route, 
while, at the same time, the Dutch government has undertaken 
to establish another navigable route from Rotterdam to the sea. 

A new project is presented, which, if realized, will complete 
the series of maritime communications in the nofth of Europe. 
It is proposed to establish a canal, navigable for ships of war 
and commerce, between the North Sea and the Baltic, to avoid 
making the passage of the Danish islands. This project, often 
thought of, is now very seriously considered. 

Finally, they are speaking of cutting one other isthmus, and 
this time it is Spain which has the honor. It is proposed to 
pierce the Spanish isthmus in such a way that Gibraltar will be 
an island. The canal is to start from Trafalgar and end at An- 
dalusia. This canal, which would cost hardly a hundred millions 

of francs, has for its object to prevent more l\iMi 4:0^ n^^<s^% 
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every year from lying to before the strait of Gibraltar without 
power to get out. 

This project is just now submitted to the examination of the 
Spanish government, as well as to some others, such as the 
English and French governments. 

First idea of an electric telegraph. — This first idea was brought 
forward in the 16th century in an anonymous work published at 
Houen at that time. The question has already been discussed 
here. A discovery has just been made of a letter of a clerk, 
the abb^ of Barth^lemy, well known as a literary man. He 
writes to Madame du I)essaud, April 8th, 1772 : — 

**I think often of an experiment which would give us happi* 
ness. They say that with two clocks whose hands are magnet- 
ized it is sufficient to move the hands of one for those of the other 
to take the same direction, so that causing one to strike twelve the 
other will strike the same hour. Suppose that we could perfect 
xirtificial magnets so that their power would communicate itself 
from here to Paris : you would have one of these clocks, we 
would have another ; upon the dial we should have the letters 
of the alphabet. . . . You perceive that we could thus facili- 
tate the operation ; the first movement of the hand might soood 
^ bell which would announce that the oracle was about to speak.'' 

Bibliography, — Among recent publications bj Hacbette, at Paris, are 
the following: 

Les Assotements et les Systemes de Culture^ par M. Heuzey ; 1 vol, 
8vo, 640 pp. — This K'ork contains the lectures delivered by Mr. Ueuzey 
at the Imperial School of Agriculture at Grignon, of which he is one of 
the most distinguished professors. The principles which ar« here set 
forth are applicable to all countries which are to be put under cultivation. 

Le Medecin des Salles d'Asile, par Dr. Cerise; 2d ed., 8vo, 200 pp.— 
The *' Salles d'asile'' of France are charitable institutions for the edacation 
of poor children. After a short historical account of the institution itself 
the author proceeds to set forth the principles which should govern phy- 
sicians in their supervision of these infant schools and all which relates 
to the care to be taken of a miscellaneous collection of children. 

AbrSge de Geographie commerciale et industrielle, avec un tableau dt$ 
montiaies, poids et mesures de tons les pays^ par M. Gardon ; 4th ed., 
8vo, 400 pp. — While referring to all countries, the author deals especially 
with France, each department of which he describes fully as regards sta- 
tistics, agricultural, mineralogical, metallurgical, manufacturing and com- 
mercial industry, importation, exportation, navigation, etc. 

La terre avant le Deluge, par Louis Figuier; 4tb ed., 8vo. — ^Tbis is t 
popular work designed to* initiate the people of the world in the gnwHl 
phenomena of geology. It is illustrated with many colored geological 
maps, and more than 300 figures and ideal views of landscapes of the 
ancient world. 

De VElectricite constderee comme cduse principale d'l auction des eaus 

minerales sur Vorganisme^ par Dr. Scoutettin ; 8vo, 420 pp. The mat«> 

nal which mineral watera hold in &o\vit\oti \>^\Ti^ oCtAu. ia insufficient pro- 
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portions to account for their health-giving effects, the author has recourse 
to another eiplanadon, viz : the electrical action which these waters maj 
exert upon the human organization. We find in his work not merely a 
simple ideal explanation, but, on the contrary, the recital of numerous 
experiments made by the author upon the principal mineral waters of 
Europe. 

£* Astronomic au XIXe siecle^ par A. Boillot, 12mo, 340 pp. This 
work, written for universal use, gives a very faithful picture of the pro- 
gress which astronomy has made from ancient times up to our day. Mr. 
Boillot is a very distinguished mathematician and makes astronomy his 
favorite study. His work has been received in France with much favor.* 

Kancy, Oct 20th, 1864. 



Art. Xni. — Discovery of Emery in Chester^ Massachusetts ; by 
Charles T. Jackson, M.D., Geologist and State Assayer. 

It has been said, in England, that " a good mine of emery is 
worth more to a manufacturing people than many mines of gold." 
Such being the case, it afiforus me great pleasure to be able to 
ADDoance the discovery of an inexhaustible bed of the best 
emery in the world in the middle of the State of Massachusetts, 
in Chester, Hampden county, quite near to the Western Rail- 
road, which with its ramifications leads to the largest armories 
and manufactories of metallic articles in this and the adjacent 
States. 

For more than two years, the existence of important beds of 
magnetic iron ore, originally discovered by Dr. H. S. Lucas, has 
been known, and endeavors were made by that gentleman to or- 
ganize a company for the purpose of smelting these ores. In 
consequence of this agitation, I wjis employed by John B. Taft, 
Esq., on the 19th of August, 1863, to examine the locality and 
to make report of my results to him. 

On examination of my specimens of minerals, afler returning 
to Boston, and my notes for sectional profiles of the rocky strata 
containing the iron ore, I found that the minerals, margarite and 
chloritoid, in talcose, hornblende, and mica slate rocks, indicated 
the occurrence of emery, the association of the rocks and min- 
erals being identical with conditions known to exist in the local- 
ities of emery in Asia Minor. 

* The following titles of literary works are also contained in the letter of Mr. 
NickUs : 

Sistoire de la Literature fran^aiMj par M. Demog^eot; 6th ed., 12mo, 680 pp. 

EUmentM de Rhetorigue, par M. Filon; 12mo, 800 pp. 

LeM grandti sehui de la nature, par M. de Lanoye ; i2mo. * 

Le$ Champt tPor de Bendigo (Auttralie)^ par M. Perron d'Arc; 12mo, 200 pp. 
A description of the Australian placers. 

Sottoentrt d^un Siberien, par Kufin Piotrowsky; 12mo, 200 pp. This is a rerj 
tooehing recital of the misfortunes which affiict the unhappy Poles, for whom Europe 
hai only barren sympathy. 
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I therefore called the attention of the owners of tlie property 
to these facts, and directed search to be made for emery, and 
that every mineral resembling it should be sent to me for exam- 
ination. Little attention was paid to this prediction at the time^ 
and not until I had invited Dr. Lucas, who resides in Cheater, 
by personal representations and solicitations, to make the required 
search, the characters of emery being fully described to him. 

On his return to Chester he soon learned that the miners were 
complaining of the great hardness of the supposed iron ore, and 
that no less than forty drills were dulled in Doring a single hole 
for blasting. He then sent me pieces of this hard rock, in the 
belief that it was the emery I had predicted. On examination 
it was found to scratch quartz and topaz readily, and to have all 
the properties of emery ; a chemical analysis proved it to be 
identical with the emery of Naxos. 

The owners, resident in Boston, being notified of this dii- 
covery, went with me to the locality on the 11th of October 
last, when a full exploration of the premises was made. There 
are several large beds of rich magnetic iron ore at this locality, 
and the emery being magnetic (as it always is) had caused it to 
be mistaken for magnetic iron ore, and many tons of it had been 
Bmelted with the carbonate of iron and hematite in the Berkshire 
county iron furnaces, without a suspicion, notwithstanding its 
refractory nature, that the ore was emery, with only a small ad- 
mixture of iron ore. 

The principal bed of emery is seen at the immediate base of 
the South Mountain, where it is four feet wide, and cuts through 
the mountain near its summit, at an angle of 70^ inclination or 
dip to the eastward. Its course is N. 20'' E., S. 20"* W., and iti 
known extent four miles. Near the summit of the mountain 
the bed expands to more than 10 feet in width, and in some plaoee 
is even 17 feet wide. 

The alternations of rock in two sections are as follows, begin- 
ning to the eastward : 

1. a, Mica slate; i, 15 ft. soapstone or talcose rock; c, 2 feet 
crystallized talc; cf, talcose slate; e, 1 ft. granular quartz;/ 
chlorite slate; ^, 4 fb. Einery ; h, chloritoid and margarite; i^ 
magnetic iron ore ; ;, hornblende rock highly crystalline. 

2. a. Mica slate; b, 6 fb. magnetic iron ore; c, talcose slate; 
dj 6^ ft. magnetic iron ore; e, chlorite slate; /, hornblende rock, 
crystallized ; ^, 7 ft. Emery, chloritoid and margarite ; A, mag- 
netic iron ore ; i, hornblende rock. 

The elevation of the upper outcrop of this bed above the im- 
mediate base of the mountain is 750 feet. There are curioai 
rounded masses of remarkably pure emery three feet in diame- 
ter in this bed entirely invested with a coat of delicate rose- 
colored margarite, and a thick layer of bright green chloritoid, 
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the investing coat being from half an inch to two inches in 
thickness. It is found extremely difficult to break up these 
masses of solid emery, drilling holes in them for blasting being 
very slow and laborious, and no grip can be had on their rounded 
sides by the sledge. A heavy drop hammer will be required to 
break them to pieces— or they may be cracked by fire if heat 
does not injure the emery. 

A branch of Westfield river separates the South from the 
North mountain, a hill nearly 750 feet high, through the sum- 
mit of which the great emery bed also cuts. On this hill the 
emery is more largely crystalline and less mixed with magnetic 
iron ore. It is more like corundum, but still contains the com- 
bined protoxyd of iron, characteristic of true emery. • Its spe- 
cific gravity is from 3*75 to 8*80, while that from the South 
mountain is from 4*02 to 437 ; Naxos emery being from 3*71 to 
8'72, according to my trials of it, in comparison. 

On the North mountain, three large beds of rich magnetic iron 
ore, distinct from the ore accompanying the emery, occur, the 
ore yielding 64i per cent of metallic iron. This ore is mined, 
and is smelted into bar iron by forge fires, and is also sold to 
mix with the hematites and carbonates of iron worked at the 
Lenox and Stockbridge furnaces. 

Digesting the South mountain emery in fine powder with 
sitro-muriatic acid and sulphuric acid for a long time, it was 
found that 78 per cent of it was wholly insoluble in acids; and 
on microscopic examination the grains were seen to be translu- 
cent, and exactly like the Naxos emery prepared in the same 
way; but these translucent grains are readily taken up by the 
magnet. I therefore infer that protoxyd of iron is a chemical 
constituent of true emery. 

Chemical analysis of the coarsely crystalline emery of the 
North Mountain, Chester. Sp. gr. 8-75. H.=9. 

Alumina, 46-60 

Protoxyd of iron, 44*00 

Titanic acid, 6*00 

Silica A lo88, • - 4*50 

10000 

Emery of the South hill* Sp. gr. 4-02. H.=9. 

Alumina, 45*50 

Protoxyd of iron, 48*00 

Silica i titanic acid, 11*50 

10000 

Regarding the oxyd of iron which can be dissolved out from 
«mery by acids as accidental, and that which cannot be so re- 
moved as an essential constituent, we shall have for the compo- 

* The highest specific gravity of any sample from the South mountain was 48 7 34. 
in. Jour. Sol— Second Series, Vol. XXXIX, No. 115.— Jm., 1866. 

19 
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sition of three samples of emery analysed, after digestion is 

acids, NaxM best 

Chester, 1. Chester, 2. selected etnerj. 

Alumina, 60-4 5905 tf 2 S 

Protoxyd iron, 396 ' 40-95 87'7 

lUO-0 100-00 lou-e 

If this view is adopted, emery must be ranked as a distinct 
species, and not as a mere granular form of corundum or sapphire. 

In conclusion, I would state that practical trials of the Unester 
emery, in several of the large armories and machine shops of this 
and the adjoining States, have proved it to be fully equal in 
value to the well known emery of Naxos, which I have no 
doubt it will wholly supplant in this country, and that it will 
ere long 'become an article of export to Europe, either in its na- . 
tive form, or in a manufactured state. . 

It may be proper to add, that John B. Taft, Esq., of Boston, 
in behalf of his associates, owners of the emery mine, has the 
sole management of the business connected with the mine. 

I would express my obligations to Mr. J. L. Smith for the 
valuable information contained in his articles on the emery of 
Asia Minor and on the associated minerals of the emery liDcali- 
ties, published in vols. x. and xi. of this Journal. Also to Dr. 
H. S. Lucas, of Chester, for kind assistance in the field.* 

82 Somerset St, Boston, Dec. 12tb, 1864. 



Art. XIV. — On the Solubility of the Sulphate of Baryta in 
Sulphuric Acid ; by Prof. J. Niceles. 






The sulphates of baryta, strontia, and lime, are slightly solu- 
ble, as is known, in boiling sulphuric acid. I have found that 
they are soluble in coW acid when in a nascent state. 

To obtain this result, it is only necessary to throw a little 
chlorid of barium, or of strontium, into a suflBcient quantity of 
rnqnohydrated acid : the chlorid is by degrees decomposed, chlor- 
hydric acid escapes, and the sulphate produced dissolves in the 
surrounding acid. 

This is especially true for the chlorid of barium ; but to snc- 
ceed, the acid should be concentrated, and it is best to have the 
chlorid well dried and in powder. On adding water to the solu- 
tion thus obtained, the sulphate of baryta falls as a white pre* 
cipitate. 

The chlorid of strontium gives the same results, and the acid 
solution affords a similar precipitate with water, though less in 
amount, since less is dissolved. 

^ On page 87, the date 19tb of August should be 19th of October. 
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The sulphate of lime is still less soluble in sulphuric acid, and 
the solution takes several days to become limpid. Moreover, 
water does not then becloud it; a light precipitate is obtained 
with alcohol. 

The solubility of these sulphates in sulphuric acid, is then the 
reverse of their solubility in water, except for the sul{)hate of 
strontium, which, in both cases, is a mean between those of the 
other two. 

Nancy, Oct. 20, 1864. 



SCIENTIFIC INTELLIGENCE. 

I. PHYSICS AND CHEMISTRY. 

1. On a new sacckarimeter, — Wild has described a new sacchari meter 
wrLu'h appeals to possess great advantages over the well-known instru- 
ment of Suleil. In WildV apparatus the incident light is polarized by- 
means of a Foucaull's calc-spar prism, which is capable of being turned 
round its axis, the amount of rotation being measured by means of a 
vernier applied to a small circle graduated to single degrees. The analy- 
ser consicits of a modification of Savart^s polariscope, that is to say, of 
two crossed plates of quartz, each 20mm. in thickness, cut at an angle of 
45^ with the optical axis. The fringes produced are viewed with a small 
astronomical telescope of low power (objective 33mm. focal length, ocular 
24mm. focal length). The telescope is adjusted for parallel rays, has cross 
vires, and a Nicuol's prism in front of the eye piece. The tube contain- 
ing the solution of sugar is of course placed between the polarizer and 
analyzer. The author instituteil comparative exf>eriment8 to test the de- 
gree of accuracy attainable with SoleiPs instrument and with his own, 
employing for the purpose a'solution containing 298 giams of cane sugar 
to the litre. The mean error of a single compensation in SoleiPs instru- 
ment amounted to 1^, when the eye was properly protected, while it 
reached 1^^ by direct obi^ervation in an ordinary room without exclusion 
of side light. From this it results that in the most favorabla <;ase there 
is with Soleil's instrument an uncertainty of =hl3'9 gr. in a litre of the 
solution, or rather more than one percent. With Wildes instrument the 
error of observation with white light amounted to 12', whixsh corresponds 
to an error of ±2*78 gr. of sugar in a litre of solution, and consequently 
to a degree of accuracy five times greater than with SoleiPs apparatus. 
When this instrument was directed toward an Argand gas burner in a 
Jark chamber, and a dark red glass was placed between the eye and the 
ocular, the error of observation amounted to only 3'. P*inally, when a 
liomogeneous soda flame was employed, the error amounted to only 1'. 
In the first case, the error in the quantity of sugar would amount to -4-0*7 
grs. ; in the second, to only ±0*2 gr. in a litre.* — Popff, Ann,, cxxii, (526. 

w. G. 

[^Nbte, — Wild's Saccharimeter, independently of its purely technical 

* Wild's Saccharimeter can be procured of Hoffman, optician, 8 Bue de Buci, Paris. 
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uses, will form a most acceptable addition to physical cabinets. To the 
chemist it offers the most precipe method of determining the rotatory po- 
larizing powers of liquids at present known, provided that homoeeneoiu 
light be employed, since the characteristic lithium, sodium and thallium 
lines afford perfectly definite degrees of refrangibility. In Broch's meas- 
urements of the rotatory polarization in quartz by means of the fixed 
lines in the spectrum, the mean error of a single measurement varied from . 
about 6' to about 30', according to the refrangibility of the light. In a j 
series of measurements undertaken to deteimine the degree of accuraej 
with which the change of tint could be determined in plates of quarti 
placed between two Nichols' prisms and examined with white lights I 
found, as might be expected, that the error of observation increased as 
the intensity of the incident light diminished, the minimum error of esti- 
mation being about 15'. Hence it appears probable that the degree of 
accuracy attainable in Wild's instrument might be still farther increased 
by using a condenser so constructed as to give an intensely brilliant beam 
of parallel and homogeneous rays. — w. G.J 

2. On the mechanical energy of chemical action, — ScHRdDSR yak dik 
KoLK has communicated an interesting and suggestive memoir upon the 
application of the theory of mechanical energy to. chemical prooesaa^ 
especially in connection with the relations of chemical afi&nity to beat 
We shall endeavor to give some idea of the train of reasoning in this pa- 
per, referring however to the original for more ample illustration. Tha 
author in the first place cites the opinion expressed by H. Sainte-Clan 
Deville, in his paper on dissociation, that all chemical compounds may be 
resolved into their elements by a sufiSciently high temperature. In bobm 
cases the separated atoms reunite at a lower temperature; in other oaaea 
they remain separate. This gives us from this point of view two clasaea 
of bodies, and the author connects the phenomenon with the facts ob- 
served by Favre and Silbermann that certain combinations are effected 
with evolution, others with absorption of heat The relation between tbe 
two classes of phenomena appears from the following considerations, if 
we conceive of a body at the temperature of 0°, and then apply heat, tbe 
body at a definite temperature will have absorbed a definite quantity of 
heat. This heat is applied partly in raising the temperature, partly io 
molecular changes, and partly in external work. The entire quantity of 
heat continually increases with the temperature, and heat is always takes 
up both in raising the temperature and in changing the state of aggre- 
gation from the solid to the liquid, and from this to the gaseous condi- 
tion. To find the quantity of lieat in the body after the process, we mnit 
subtract the quantity which is consumed in external work. The qnaa- 
tity remaining is termed by Thomson the mechanical energy of the body, 
Starting as we have done from 0^, we obtain in this manner only tM 
accumulation of energy in the body from 0° to the particular tempenh 
lure under consideration, and not its absolute quantity. Every body bai 
therefore in any definite condition a definite quantity of energy. If now 
we consider two substances, as, for example, oxygen and hydrogen, whick 
combine with each other under the influence of the electric spark, wo 
have in each, before combination, a definite quantity of energy. Daring 
the combination, heat is evolved, and if we now cool the vapor of water 
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h 18 formed to the temperature of the components before combina- 
the steam will contain a quantity of energy less than that of its 
x>neDts by the-quantity which is given out in the combination. We 
suppose the combination of H and to take place without exter- 
rork. When the vapor of water is decomposed at the same temper- 
», just as much energy must be added as became free during the 
^iuation. Two cases may then occur: either the body has more 
yy than its components, or else the contrary is true. In the first case 
is given out in the decomposition, in the second, it is absorbed. It 
ws that heat must l)ecome free when we heat a body of the first 
to the point of decomposition, and the components will not unite on 
Dg, since the quantity of energy in them is not sufficient for the for- 
on of tlie compound at the same temperature. This could only take 
) in two cases : either the body must take up heat from the surrounding 
am, which, however, has at most an equal temperature, or else the 
K>und must become suddenly colder. So far as known, no such cool- 
tccurs. From the above we obtain the following law : Bodies which 
^e heat in being decomposed by heat are not again formed in the 
»quent cooling. This law may be tested by the results of the exper- 
ts of Favre and Silbermann. These physicists found that protoxyd 
itrogen, NO, peroxyd of hydrogen, HOgi chlorous and chloric acids, 
3 and Gl 0^, evolve heat during decomposition, while the elements 
-ated do not recombine on cooling. The same is true for the chlorid, 
. and sulphid of nitrogen, which are suddenly decomposed on heat- 
with evolution of heat, and the components of which do not recom- 
Tbe above law is also true when dimorphous or polymorphous 
» change their physical condition. Thus, aragonite on heating 
A into calc-spar with evolution of heat; the converse change does 
ake place on cooling. Fused sulphur crystals (System V) on cool- 
»eoome crystallized in System lY with evolution of heat ; the con- 
change does not take place. Various other illustrations are given, 
Lhe author generalizes the law already stated as follows : When bodies 
eating pass into a different physical state, with evolution of heat, the 
;0U8 state is not resumed on cooling. It is of course possible that in 
in cases the purely chemical afiSnity between the molecules may be so 
irful that combination will ensue, heat being abstracted from the sur- 
ding medium. The converse proposition is as follows : 
heat be absorbed in decomposing a body by means of heat, the con- 
' action will take place on subsequent cooling. 
lis proposition cannot be demonstrated theoretically, and is therefore 

be regarded as proved. It is frequently found by experiment to 
lie : thus, carbonate of lime, according to Favre and Silbermann, ab- 

1 heat when decomposed by heating, and has therefore less energy 
its components together. COg and Ca recombine on cooling. 

;he other hand, much heat is evolved in slaking lime, and CaO, HO 
therefore much less energy than its components. On heating, the 
ute is decomposed, and is again formed on cooling. In the formation 
K)2 and HO heat is evolved, and the compounds have therefore less 
gy than the components. The eleoaents only unite at a high tem- 
ture, and the decomposition takes place at a still higher temperature. 
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On cooling, the components ought to recombine, but in point of fact thii . 
does not happen, though the components have much more entrgy than 
the products. The explanation of this depends upon the action of the 
purely chemical affinities, which at lower temperatures are not sufficient 
for the formation of the compound. Two conditions are in general neces- 
sary for the formation of a compound. First, a degree of chemical force 
or affinity sufficient for the comhination, and secondly, the necessary en- 
ergy. A single cau^e is insufficient. The author here distinguisbei 
between reversible and uureversible processes. When a body changes ■ 
under the action of heat, and with evolution of heat, it passes into a uev ^ 
condition of less energy, and therefore cannot in itself pass back into iti i 
original state. This is the unreversible process, and occurs most frequently. | 
"When heat, on the contrary, is absorbed, the new body has more eneigy, \ 
and may therefore on cooling pass of itself back into its previous condi- \ 
tion. This is illustrated by the latent heat of fusion and evaporation. | 
Other consequences of this theoiy are these; the heat of combination : 
remains the same whether the compound be formed suddenly or by de- ; 
grees ; the heat of combination of a compound body is in general lesi < 
than that of its components taken singly. The following examples serve 
to illustrate still further the application uf mechanical energy to the ex- 
planation of chemical changes. An electric spark causes combination in 
two ways. Certain bodies, U and 0, H and CI, CO and O, <&c., combine 
suddenly in unli.nited quantities by means of a single spark, and with 
evolution of heat Others, like N and O, combine only gradually ; no 
heat is evolved, and the combination ceases with the cessation of the sparL 
The formation of ozone is also a case in point In the first 'case, the 
energy of the components is greater than that of the compound. Suffi- 
cient energy is present, but not sufficient affinity. The electric spark . 
here increases the affinity ; some atoms of H and O combine, and the 
heat produced causes a further combination, since heat within certain 
limits increases affinity. In the case of the combination of N and to 
form nitric acid, the components have less energy than the compound. 
Then the spark furnislies the requisite energy, and each spark yields only 
a definite amount of work. The case of NU3 forms an exception which 
for the present must remain unexplained. The author also applies tbe 
theory to the catalytic action — so called — exercised by platinum ujion H 
and 0, but not upon N and O. In conclusion, the author takes ground 
against the assumption often made that the heat of combination is to be 
taken as the measure of chemical affinity. He considers that this heat^ 
regarded as difierence in energy, is the measure of the stability of the 
compound. Thus, water with the heat of combination expressed bj 
29413 has more stability than chlorhydric acid with a heat of combina- 
tion of 23783 units. In each case, besides the requisite energy, the 
requisite affinity must be present Thus, in a simple mixture of and 
H no combination takes place until the affinities are sufficiently increased, 
although the necessary energy is always present A further argument 
against considering the heat of combination as the measure of affinity ii 
to be found in the fact that in certain combinations heat is absorbed, 80 
that in these the chemical affinity would be negative. — Pogg, Am^ 
cxxiiy 439. w. 0. 
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8. On the replacement of hydrogen in ether hy chlorine^ ethyl and oX" 

HhyU — LiBBEN aud Bauer have studied the action of monochlonnated 

•ml liichlorinated ether upon zinc-ethyl and ethylate of sodium, and have 

obtained results of much theoretical interest. ]5y the action of chlorine 

Upon ether, at ordinary temperatures, the author obtained a mono-chlorin- 

C n CI ) 
ated ether with the formula, p* n^ni r ^2* ^^® action of zinc-ethyl upon 

Chia compound gives rise to two products which have respectively the 

formulas, c*U*'cf^* [ ^»'*"^ C*H*'c*h' [ ^2> «"<! '» which, as 
will be seen, one or two atoms of hydrogen in the radical ethyl are re- 
placed by one or two atoms of ethyl itself. When mono-chlorinated 
ether is heated with an alcoholic solution of potash, or with ethylate of 
sodium, an oily liquid is formed, which boils at 167^ C, is heavier than 
winter, and has a most refreshing and agreeable odor. The formula of 

C H CI ) 

this body ^s, p*TT* p -it ^ >• Oj, so that it must be regarded as ether 

in which one atom of ^hydrogen in the ethyl is replaced by chlorine and 
one atom by the radical, C^H^Oj, which the authors term oxethyl. 
By the continued action of ethylate of sodium upon the last mentioned 
substituted ether, the authors obtained an oil lighter than water, boiling 

at 168® C, and having the formula, n*TT* * C*H*0^ i ^a* ^^ ^^*^' *^^ 

atoms of hydrogen are replaced by two of oxethyl. Finally, the action 

C H CI ) 

of ethylate of sodium upon this body, n*fr* n rr f 0^, gives rise to a 

new liquid, boiling at 148^ C. and presenting the formula, 

n*rT**Q*rT* * f Oj. The ucw substanccs described are evidently the 

types of a large class of similar substituted bodies, and deserve in them- 
selves an attentive study, especially with reference to physical properties 
and to products of decomposition. — Comptee ItenduSy lix, 445. w. o. 

4. On a new mode of preparing oxygen, — Robbins has given a method 
<A preparing oxygen which is particularly interesting from a theoretical 
point of view, and which may hereafter be of much practical value. The 
process is based upon an experiment due to Schonbein, and consists in 
pouring dilute sulphuric acid upon a dry and powdered mixture of three 
equivalents of peroxyd of barium and one equivalent of bichromate of 
potash. Ozone and antozone are given off simultaneously, and unite to 
form common oxygen, which escapes with effervescence. — Cosmos^ xxvi, 
886, w. a. 

11. GEOLOGY. 

1. On buried stems and "branches in Illinois ; by J. S. Bliss. (From a 
communication to the Editors, dated Columbus, Wisconsin, Nov. 7.)— 
While passing through the county of Adams, in the State of Illinois, four 
years since, I learned of the existence of a well, which had been dug the 
year before, from which small branches of trees and twigs had been ob« 
tained. I repaired to the spot, and found the well to be twenty-five feet in 
depth ; and was informed that, at a depth of twenty-three feet, the owner 
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came upon a layer of Jine black soil, full two feet in tbickness, in which 
were found branches an incb in diameter; I procured a shovel, and ob- 
tained several specimens three-eights of an inch through^ in a tolerable 
state of preservation. Just above this bed of 9oil the materisi was clay. 

In another well, three miles from this, the same kind of aoil w« 
met with, after passing through clay for twenty-seven feet from tb^ 8a^ 
face. In the soil twigs were found ; but on being brought to the air they 
crumbled to pieces, though the bark and heart were plainly to be seen. 

Four miles from the first mentioned well, there was another, still mora 
remarkable, which was 30 feet deep. At a depth of 27 feet, the diggm 
came square on a log, twelve inches in diameter ; they cut it off on both 
sides of the well, and on taking it out pronounced it to be Bkuk walnut ; 
but I think that it was probably some other kind of timber, that had beei 
dyed in consequence of having been submerged, and that this caused the 
mistake. In the same soil was also found a Buckthorn in a toleraUe 
state of preservation. The top of the tree was lying southeast 

Another fact, I have noticed in Wisconsin, is that stones protradins 
through the surface, such as those known as hftrd-headsy present thw 
perpendicular sides to tbe north, northeast, and northwest. This is not 
confined to any small portion of the State, but to quite an extended 
region. 

2. On the Geology of Eastern New T<yrk ; by Professor Jambs Hall 
and Sir William K Looan. (Read before the Natural History Society 
of Montreal, Oct. 24, 1864, by T. Stbrry Hunt.) — Professor James Hall 
and Sir William Logan spent a few days together last summer in exam* 
ining some points of the geology of Eastern New York, and propose to 
continue their examinations next season, when we may expect from them 
a detailed account of their results. Their principal object was to com- 
pare the rocks of that region with some of those of Eastern Canada; 
and I have now permission, in the absence of these gentlemen, to lay be- 
fore this Society some of the results of this exploration. 

The shales of the Hudson River group, which are seen for a coDsido^ 
able distance north and south of Albany, disappear a few miles east cf 
the Hudson, and are succeeded by harder and coarser shales, sonoetimef 
red or green in color, and passing into green argillaceous aandstOMi, 
These various strata, which are associated with concretionary and shaly 
limestones, are now recognized as belonging to the Quebec group. The 
line of contact between this and the much more recent Hudson River 
group has nowhere been clearly seen in this region, but the two serial 
are readily distinguished bylheir differences in color, texture, and hard- 
ness, — differences which were formerly supposed to depend upon the pi^ 
tial metamorpbism of the eastern portion, when this was looked upon m 
a part of the Hudson River group. The green sandstones and conglom- 
erates qf Grafton Mountain, formerly looked upon as a portion of tiie 
Shawangunk conglomerate, are recognized as belonging to an outlying 
portion of the Sillery formation. This mountain Professor Hall hsa 
found in a previous exploration (1844-45) to have, at a point farther 
south, a synclinal structure, and it probably lies in three low synclinsl 
axes. The Sillery formation scarcely extends south of Rensselaer 
County. 
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Canaan Mountain is also apparently synclinal, and, vbile limestones 
appear in the valleys on each side of it, consists chiefly of slates, the 
bighest beds being a hard green sandstone, sometimes shaly, without any 
of the conglomerates of the Sillery, although boulders and angular 
fragments of these are found in the adjacent valleys. To the east of this, 
Bichmond Mountain, in Massachusetts, presents in its upper portion a 
eompact green slate, passing upward into a harder rock similar to that 
of the summit of Canaan Mountain. To the southward, as far as Hills- 
dale, the sparry limestones of the Quebec group appear in the valleys, 
while the hills are of slate. Proceeding thence westward toward the 
river, only the lower portions of the Quebec group are met with, until 
we come upon the rocks of the Hudson River group. 

Washington Mountain is also of slate, flanked by limestone, all of the 
Qaebec group, and is probably synclinal in structure. The valley to the 
south of the mountain exhibits limestones, apparently alternating with 
dates. Columbia and Duchess counties appear to be mainly occupied 
by the shales of the Quebec group, with broad exposures of its lime- 
■tones, until we approach the river to the westward, when the shales of 
the Hudson River group are met with, extending a considerable distance 
below the city of Hudson. The gneiss of the Highlands occupies the 
southeast part of Duchess County. 

From Fishkill the explorers proceeded to Coldspring, crossing what 
Mather called the Mattesvan granite, but which they found to be an 
altered sandstone. Soon after this they came upon the great gneiss forma- 
1^* tionof the Highlands of the Hudson, which continues beyond Peeks- 
Ull. They failed to find the sandstone described by Mather as coming 
out at this place ; nor was anything representing the Potsdam sandstone 
detected in approaching the Highlands from Fishkill, nor elsewhere 
L along their northern limits. Near to Peekskill, in the valley of the creek, 
t was found a low ridge of black slate, supposed to belong to the Quebec 
\ group, and a similar slate was observed along the north side of the 
% Highland range, not far from the gneiss. The gneiss of the Highlands 
presents all the aspects and characteristics of that of the Laurentian sys- 
i tern, as seen in northern New York and in Canada. 
' Further examinations are necessary to determine the extension to the 
northeast of the Laurentian rocks of the Highlands, and also the sue- 
\ cession of strata to the southeast of them. The recognition of the Sil- 
lery and of the Quebec group in this region are great and important 
tuiz of its geology, and not less so the identification with the Lauren- 
tian system of the gneissic district of the Highlands, to which the inter- 
esting mineral region of Orange county and the adjacent parts of New 
Jersey doubtless belongs. This conclusion, although opposed to the 
Tiews of Mather and Rogers, who looked upon the crystalline rocks of 
ihe latter region as altered Lower Silurian strata, is in accordance with 
the older observations of Vanuxem and Keating, and with the more re- 
cent ones of Professor Cook, according to all of whom the gneiss and 
erystalline limestones of Orange County and of New Jersey underlie un- 
eomformably the Lower Silurian strata.^ — Can. Nat and Geol, 

* See Am. Jour. Sci., [2], zzzii, 208, and also Eitcheirs 2nd Annual report on the 
Qeology of New Jersey, (1865,) page 134 and onward. 

Ax. JouB. 8oL-^EcoND SsEZES, VoL, XXXIX, No. 115.— J jax.^l^Q&. 
J3 
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3. Action of Glaciers ; by J. Ruskin. — What a river carries fcst at 
the bottom of it, a 'glacier carries slowly at the top of it. This- is the 
main distinction between their agencies. A piece of rock^which, falling 
into a strong torrent, would be perhaps swept down half a mile in twenty 
minutes, delivering blows on the rocks at the bottom audible like distant 
heavy cannon,* and at last dashed into fragments, which in a little while 
will be rounded pebbles (having done rough damage to everything it bn 
touched in its course) — this same rock, I say, falling on a glacier, lies on 
the top of it, and is thereon carried down, if at fullest speed, at the rate 
of three yards in a week, doing, usually, damage to nothing at all. That 
is the primal difference between the work of water and ice ; these further 
differences, however, follow from this first one. 

Though a glacier never rolls its moraine into pebbles, as a torrent does 
its shingle, it torments and teases the said moraine very sufficiently, and 
without intermission. It is always moving it on, and melting from under 
it, and one sione is always toppling, or tilting, or sliding over another, 
and one company of stones crashing over another, with staggering shift 
of heap behind. Now, leaving out of all account the pulverulent eflfect 
of original precipitation to glacier level from two or three thousand feet 
above, let the reader imagine a mass of sharp granite road-metal and 
paving-stones, mixed up with boulders of any size he can think of, and 
with wreck of softer rocks, (micacous schists in quantities, usually,) the 
whole — say half a quarter of a mile wide, andfof variable thickness, from 
mere skin-deep mock-moraine on mounds of unsuspected ice — treacher- 
ous, shadow- begotten — to a railroad-embankment, poM«i^<»r-embank- 
ment — one eternal collapse of unconditional ruin, rotten to its heart with 
frost and thaw, (in regions on the edge of each,) and withering sun, and 
waste of oozing ice ; fancy all this heaved and shovelled, slowly, by t 
gang of a thousand Irish laborers, twenty miles down hill. You will 
conjecture there may be some dust developed on the way ? — some at the 
hill-bottom? Yet thus you will have but a dim idea of the daily and 
final results of the movement of glacier moraines; — beautiful result in 
granUe and slate dust, delivered by the torrent at last in banks of black 
and white slime, recovering itself, far away, into fruitful fields, and level 
floor for human life. 

Now all this is utterly independent of any action whatsoever by the 
ice on its sustaining rocks. It has an action on these, indeed ; but of this 
limited nature, as compared with that of water. A stone at the bottom 
of a stream, or deep sea-current, necessarily and always presses on the 
bottom with the weight of the column of water above it — plus the excess 
of its own weight above that of a bulk of water equal to its own ; buti 
stone under a glacier may be hitched or suspended in the ice itself for 
long spaces, not touching bottom at all. When dropped at last, the 
weight of the ice may not come upon it for years, for that weight is only 
carried on certain spaces of the rock bed ; and in those very spaces the 
utmost a stone can do is to press on the bottom with a force necessary to 
drive the given stone into ice of a given density (usually porous) ; and, 
with this maximum pressure, to move at the maximum rate of about a 
third of an inch in a quarter of a hour ! Try to saw a piece of marble 

** Even in lower Apennine. ** Dat sonltum sazis , et torto vertice torrens." 
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through (with edge of iron, not of soppy ice, for saw, and with sharp 
flint sand for feldspar slime,) and move your saw at the rate of an inch 
in three-quarters of an hour, and see what lively and progressive work 
you will make of it! 

I say " piece of marble ;" but your permanent' glacier-bottom is rarely 
80 soft — for a glacier, though it acts slowly by friction, can act vigorously 
by dead weight on a soft rock, and (with fall previously provided for it) 
can clear masses of that out of its way, to some purpose. There is a no- 
table instance of this in the rock of which your correspondent speaks, 
under the Glacier des Bois. * * * * 

[Mr. Ruskin continues with further explanation of his views, in the 
course of which he expresses the opinion that ** the Glacier des Bois has 
not done more against some of the granite surfaces beneath it, for these 
four thousand years, than the drifts of desert sand have done on Mt. 
Sinai;" and "it never digs a hole" like the bed of a lake. He closes 
with a paragraph containing the following statement as to his early 
tastes and studies.] 

I find it difficult to stop, for your correspondent, little as he thinks it, 
has put rae on my own ground. I was forced to write upon Art by an 
accident (the public abuse of Turner) when I was two-and-twenty ; but 
I had written a " Mineralogical Dictionary" as far as C, and invented a 
shorthand symbolism for crystalline forms, before I was fourteen : and 
lave been at stony work ever since, as I could find time, silently, not 
caring to speak much till the chemists had given me more help. — ReadeVj 
Nov. 26, 1864, the communication dated Denmark Hilly Nov, 21. 

4. Geological Survey of California ; J. D. Whitney, State Geologist. 
— Paleontology, Volume I : Carboniferous and Jurassic Fossils, by F. 
B. Meek; Triassic and Cretaceous Fossils, by W. M. Gabb. 244 pp. 
Small 4to, 1864. Published by order of the Legislature of California. — 
The principal results of the geological survey of California, up to the 
present time, have been briefly stated in our last volume at p. 256. Their 
number and importance are sufficient to show that the survey could not 
have been in better hands. Through the labors of Professor Whitney 
and his assistants, we are beii^inning to have some definite knowledge of 
the geology of the western border of the continent, — of the distribution 
of its rock-formations, of the age and structure of its mountains, of the 
origin of its metallic veins, of the action of rivers and glaciers in educing 
the features of the surface, besides many other points of geological and 
economical interest. The Report on the general Geology, as far as the 
■ubject is completed in the yet unfinished survey, will, we understand, be 
soon published. The volume just issued is the first of the two on the 
Paleontology of California. It treats of the fossils of the Carboniferous 
formation, the oldest fossiliferous beds yet observed, and of the Triassic, 
Jurassic and Cretaceous formations, leaving the Tertiary for the second 
yolume. 

Tbe Carboniferous fossils make but a meagre list, the rocks of the age 
having small extent. Twelve or fourteen species are all that are described. 
Three of them are referred by Mr. Meek, though with some hesitation, 
to the widely spread Lithostrotion mammillarey Productus semireticula- 
tus and Spirifer lineatus. 
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The Triassic species, described by Mr. Gabb, are 28 in number ; the Ja- 
rassic, described by Mr. Meek, 12 ; the Cretaceous, described by Mr. Gabb, 
nearly 300, the larger part being new, and all pertaining, according to 
Mr. Gabb, to the Upper or While Chalk. Some of the general facts 
respecting the extent and character of, the formations have already been 
published by us in the article in our last volume above referred to. 

A volume of plates will soon be ready for delivery. It will contain 
figures of all the new species. The plates are lithographic, and thirty- 
two in number ; and, as we know from an examination of many of them, 
are excellent in drawing and engraving. 

The work is brought out in the first style of the art, both as to paper 
and printing. We know nothing superior, iu these respects, from any 
American press. 

6. Oil region of Pennsylvania, — [Extracts from a communication by 
Ira Sayles, dated Meadville, Crawford Co., Pa., Nov. 13, 1864.] — Ai 
shown in the Geological Map of Pennsylvania by Professor Rogers, the 
Burface-rocks of the higher country in the oil region of western Pennsyl* 
vania are mostly Carboniferous, while those of the valleys appear to be 
Devonian of the Chemung and l?ortage groups. In the borings, a whitish 
sandstone, called the first sand-rock is met with at a depth of 70 to 200 
feet; and wells penetrating only through this bed generally yield a thick 
oiL 100 to 200 feet below this, lies ih^' second sand-rock, of similar as- 
pect to the first ; and from beneath this there is usually another ** show 
of oil," a heavy oil, though less so than the former. From this rock pro- 
ceed nearly all the wells of the Alleghany river, while the wells of French 
Creek, with few exceptions, descend only to the first sand-rock. Belov 
the second^ 100 to 200 feet, there is a third sandrock, and from beneath 
this comes the pure, limpid, light oiJ. To this depth descend most of the 
^ flowing" or fountain wells, four of which, when first opened, (the Em- 
pire welT, one of them,) deluged the region around with 3000 barrels of 
oil per day. The wells of Oil Creek are mostly in this rock. 

Th« valleys have been selected in nearly all cases for the borings under 
the impression that breaks in the bills indicate chasms in the rocks b^ 
Death. But there appears to be no reasoo why oil should not be reached 
also by borings through the higher land. There are evidently two kindi 
of sources ; open cavities affording the iree flowing wells, sometimes in- 
termittent ; and the oil-bearing shales giving a slower yield, as if by s 
gradual percolation from rocks that partially retain it; and the latter at 
least should be encountered as well through the hills as the valleys, if ths 
bonng is carried down to the same level. Moreover, there is no certainty 
that fissures or chasms in the rocks mwj not underlie the hills. 

It is a little remarkable that the oil from beneath the upper sandstonei 
should be the heavier, wbile that from beneath the lowest is the lightesti 
Although there is no evidence of any connection between the oil reposito* 
ries at these three different levels, the sources of the same level often 
communicate. This has been abundantly proved, by a sudden dimino* 
tion in the supply of an older well in consequence of sinking a new ooi 
near by. 

The quantity of oil produced now does not materially differ from tbat 
4>i two years Ago— viz : nearly 6000 barrels daily. The number of velli 



Botany and Zoology, 101 

has been increased in that time ; but about as many old ones have been 
abandoned as new ones opened. Fewer of iLe new wells are great 
9pout%ng wells tban formerly, Pumpiug wells are very constant in their 
yield. 

6. Petroleum in California, — A petroleum region on the coast of Santa 
Barbara, near Buenaventura, in Southern California, has recently been 
▼isited by Prof. Silliman, Jr., from whose Report we extract a few facts. 
Ten miles North of Buenaventura there is a mountain ridge, 2000 feet in 
height, extending for 13 miles from east to westv, which consists in part of 
bituminous shales supposed to be of either the Cretaceous or Tertiary 
period. The dip of the layer is 70® to 80° to the north. From these 
shales, mineral oil comes out in many places, and at some points very 
abundantly. One of the wells is SO feet in diameter, and is full of a tar- 
like oil, boiling with the escape of marsh-gas. There is also an area of 
asphaltum three-fourths of a mile long by half a mile wide, exuding tar 
and rock-oil at numerous points, besides several other oil springs, the 
places of discharge in all exceeding twenty. The range of bituminous 
shales extends to theaouth, occurring at intervals for a hundred and fifty 
miles, and also to the north as far as Glenroy, in Santa Clara County, or 
about 80 miles from San Fiancisco. — Extract from Prof, Silliman^ s 
Report. 

HI. BOTANY AND ZOOLOGY. 

I. Dioico-dimorpkism in the Primrose Family, — ^Mr. John Scotty late 
of the Edinburgh Botanic Garden, has communicated to the Linnsean 
Society an elaborate paper, entitled, Observations on the Functions and 
Structure of the Reproductive Organs in the Primulacea, which has re- 
cently been published in the 8th volume of that Society's Journal of Pro- 
ceedings. Mr. Scott has followed up Mr. Darwin's well-known researches 
by <Daay additional experiments, has confirmed bis results, and brought 
cut others of no small interest. The paper is long, and, on the whole, 
dear and satisfactory, but with occasional vagueness or obscurity of lan- 
gnage, from the attempt of an acute, but perhaps rather untrained mind 
le indicate the bearings of the subject further than they have been clearly 
made out A good summary appended to the paper sets forth the prin- 
cipal points. 

Of 54 species or ibrms of Primula which be has examined (many of 
diem only in the herbarium), — 

'* 86 are truly dioaorphic, presenting both long- and short-styled f[>rms ; 
18 in which the long- or short-styled forms, respectively, have alone been 
cbserred by me.; and 5 species and one variety with non-dimorphic 
characteristics, i. ^., presenting stamens and pistils of an equal length. 

^The allied genera Hottonia and Areiia have also truly dimorphic spe- 
cies; whereas other allied genera, Dodecatheon^ Soldanella, and Cortusa^ 
are very generally characterized by species presenting the structural 
characteristics of the long-styled form only, without, however, any de- 
creased fertility arising from their hermaphrodite conjunctions. 

*'The genera] differences of the two sexual forms may be thus briefly 
rammed up : — First, the long-styled forms have pistils equalling in length 
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the tube of the corolla; stigmas usually larger and rongher; stamens at- 
tached to, or frequently below, the middle of the corolla-tube, whose di- 
ameter is thus expanded upward ; pollen-grains generally smaller and 
more transparent. Secondly, in the sbort-styled form the pistil is sborti 
not rising above half way up tbe corolla-tube; stigma generally smoother 
and depressed on tbe summit; stamens attached to tbe mouth of the co- 
roll a- tube, causing an abrupt expansion; pollen-grains generally • larger 
and more opaque. According to all the trials, these structural difference! 
are accompanied by equally remarkable functional differences, — the poileo 
of the long stamens being alone adapted to fertilize the long pistils, and 
the pollen of tbe short stamens to fertilize the short pistils. By applying^ 
on the other hand, either form pollen to own form stigma, i. e. effecting a 
homomorphic union, the degree of fertility relatively to the above, or 
heteromorphic union, is greatly decreased. Analogous, though lev 
striking, functional differences, however, occur without any appreciable 
change of structure, as shown by the P. verticiliata, e. g., yielding a 
much higher grade of fertility by its dioecious than its hermaphrodite 
conjunctions. Such an instance from a genus whose members are so 
generally characterized by a sexual dimorphism, naturally leads me to re- 
gard it as indicative of the acquirement of similar characteristics. An 
objection to this view may be urged from the occurrence of species which, 
having no immediate affinity with any structurally dimorphic species^ 
nevertheless present individuals incapable of fertilization by own pollen, 
though perfectly susceptible to reciprocal fertilization, either with another 
individual of the same species, or one of a distinct species. To this cate* 
gory, at least, those who disbelieve in the genetic affinities of organic 
beings will no doubt refer the case of P. veriicillata, and simply regard 
it as further illustrative of our ignorance of the conditions upon which 
sterility, in its varied grades, depends. Those, on the other hand, who 
believe in the existence of these genetic relations will look with an intel- 
ligent interest upon these functional peculiarities of the P. vertkillaUL^ 
and regard them, mayhap, as the primary indications of a tendency to 
assume those remarkable sexual characteristics of the correlated species, 
and thus presenting an illustration of incipient dimorphism. 

"The usual differences in the fertility of the heteromorphic and homo- 
morphic unions will be best appreciated by giving the mean results from 
the unions of several species. Thus, taking the five heteromorphic and 
homomorphic unions given above, namely, P. Auricula, SikkimeMU, 
cortusoides, involucrata, and farinosa, we see, from the mean results of 
their combined products, that for every 100 seeds yielded by the hetero- 
morphic unions, only twenty-four are yielded by the homomorphic unions 
— the heteromorphic thus exceeding the homomorphic unions in about 
the proportion of five to three ! I have also shown the remarkaUe 
fact that the pollen of a distinct species will produce a much high^ 
grade of fertility than an ordinary homomorphic union, i. e., a flower^s 
own pollen I 

" It is well known that A will fertilize B, and B will not fertilize A I 
have given instances of this law with l^rimulas. I have also shown the 
new and remarkable fact, that of the two forms of the same species tbe 
pollen of the one, but not of the other, will fertilize a distinct species I 






Botany and Zoology, 103 

(iple, the long-8tyled P, Palinurii can be fertilized readily by 
* the long-styled P, Auricula ; yet, after numerous trials, I have 
effect a single union between the long-styled form of the P, Pa* 
md the short-styled P, Auricula, How utterly inconsistent, 
! such facts with the teachings of those who would have us be- 
lt an absolute causal relation exists between the sterility from hy- 
nnd systematic affinity 1 On the other hand, how unequivocally 
cases show us that the greater or less facility of one species to 
th another is, as Mr. Darwin has sagaciously argued, * incidental 
jreciabie differences in their reproductive systems. And that 
no more reason to think that species have been specially endowed 
ious degrees of sterility to prevent them crossing and blending 
e, than to think that trees have been specially endowed with va- 
i somewhat analogous degrees of difficulty in being grafted lo- 
1 order to prevent them becoming inarched in our forests.'* 
bably the most remarkable result from my observations is that 
le dimorphic species cease to he dimorphic, their reproductive 
s are greatly modified. Thus, in the case of the Cowslip, for ex- 
ve have seen that an ordinary homomorphic union yields about 
seeds per capsule, the heteromorphic about twenty-four seeds per 
whereas the form with stamens and pistils of an equal length 
^hen fertilized with its own pollen, thirty-four seeds per capsule f 
8 non- dimorphic form by own pollen exceeds, first, the homo- 
unions in the proportion of 6 to 2, and secondly, the hetero- 
in the proportion of 3 to 2 ! Again, from the four different 
»f the long- and ahort-styled forms with the non-dimorphic form, 
!-results in each case fall considerably below an ordinary homo- 
union : thus tiie mean results of the unions of the non-dimorphic 
g- and short-styled are six seeds per capsule, whereas the pure 
»rphic unions of the latter give an average of thirteen seeds per 
—that is, as two to one! 

nected with these are the remarkable changes in the fertility of the 
tly] colored varieties of the Primrose, the red variety yielding 
when fertilized by pollen of either yellow or white varieties: the 
il crosses of these, i. e. the pollen of the red variety applied to 
nas of the yellow and white, are also absolutely sterile ! On the 
nd, fertile unions may be effected by the reciprocal crossing of 
»w and white varieties, though in every case we have found that 
age seed-result of such unions is considerably under that of the 
ons of these forms. 

ether or not the ultimate tendency of dimorphism is a complete 
>n of the sexes, I think we have the clearest testimony that di- 
m has not always been a genealogical characteristic; and fur- 
B, that the two forms did not per saltum assume these structural 
siological characteristics. I here allude to the evidence afforded 
lon-dimorphic Cowslip — namely, the resumption of perfect her- 
:lism, and the occasional production of intermediate stages be- 
lis and the normally dimorphic. These, taking us back in the 

* Origin of Species, 3d ed., p 299. 
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genealogical line, show us an original non-dimorpbic progemtor, and tbe 
graduated plan by wbicb it gave rise to a dimorpbically cbaraeterized 
race." 

The most noteworthy points are : — 1. That, in a genus wbicb ba» many 
species with dimorphous flowers, there are some which present, so faras' 
known, only one of the two forms (say the long-styled, which is perfectly 
fertile per 8e\ as well as others with stamens and pistil of equal length. 
2. That the Rt^d Cowslip, a clear variety of the common one, nas become 
non-dimorphic, and, with this chnnge of structure, has become oauch more 
fertile of seed than the heteromorphic unions of the Common Cowslip, 
And the Auricula offers a similar case. But, on the other band, a non- 
dimorphic variety of Primula farinosa is less fertile. These changes ia 
the genetic system of a species seem very remarkable. 3. Still Riore re- 
markable is the result of fertilizing the Red Cowslip with its ancestor the 
common yellow form ; this union, and also that of the Common Cowslip 
fertilized by the Red, being very sterile ; — thus supplying that desideratum 
which has been called for as a test, '^ a physiological species produced 
through variation." 4. That the two forms of a dimorphous species by* 
bridize with very different degrees of facility with distinct species. And 
that such a cross sometimes yields more seed than either homonK>^ 
phic unions with own pollen. 5. Mr. Scott confirms (though it is not 
stated in his summary) Mr. Darwin's statement, that the long-Styled 
forms artificially fertilized with their own pollen are about twice as fertile 
as the short-styled similarly fertilized with its own pollen ; while, as is 
well known, when left untouched, the short-styled is most fertile, owing 
to the relative position of the anthers and stigmas. So that the advan- 
tage of position in the latter is counterbalau^d by an increased diffe^ 
entiation of pollen and stigma with respect to their mutual action, 
Nature thus rendering the short-styled equally dependent with the long- 
styled on external agencies, — thus keeping it in existence, and more com- 
pletely effecting the great object of dimorphism, — the intercrossing of 
individuals. 

We may here append the remark that the Thymelseaceous genus Zev- 
cosmia is dimorphous, and some species of Drymispermum exhibit one if 
not both of the two forms. a. a. 

2. Observations upon Dimorphousi Flowers ; by H. von Mohl ; in 
Bot, Zeitung, Oct. 1863, translated in Ann, Sci, Nat., Bot., April, 1864.— 
These observations are principally upon that case of dimorphism in which, | 
besides the ordinary hermaphrodite (but often infertile) flowers, there are j 
other and surely fertile ones, of simplified structure, apetalous, or rather | 
cryptopetalous, and which, " their development being as it were arrested ■ 
in the bud," and fertilized without opening, we had long ago termed 
" precociously fertilized." Some remarks were made upon them in this 
Journal, in November, 1862, (p. 419), stating that Nature, in thiscase^ [ 
takes as much pains to secure self-fertilization as she does in the other , 
case of dimorphism (represented by Primula, Houstonia, &c.,) to secure j 
crass-fertilization. This is the conclusion which Mohl also reaches after a '] 
careful investigation of the common instances, viz: in Specularia, Impa" 
tiens, Viola, Oxalis, &c., clearly showing that such flowers, with a pot- 
aible exception in violets, must needs be self-fertilized. The record of his 



I 



Botany and Zoology, 105 

>wn observations is preceded by a good history of what was known upon 
be subject, from the beginning made by Dillenius down to the comniu- 
lication of Michalet in the Bull, Soc. Bot, de France^ 1860. That the 
ittle tympanum which covers the minute anthers and stigmas of Specu' 
aria per/oliata until after fertilization, is a rudimentary corolla, however, 
vas shown by Dr. Torrey, in a paper read before the Lyceum of Natural 
BListory, New York, in 1830, but not published. 

One of the most interesting things to notice, and a curious confirma- 
aoQ of the intention to self-fertilize in the cases here considered, is the 
unusual paucity and the greater activity of the pollen in the anthers of 
the small and closed flowers. In those of Oxalis Acetosella, as Mohl in- 
Torms us, the larger anthers contain ouly about two dozen, the smaller 
scarcely a dozen pollen-grains, — only a few times more numerous than 
the ovules they are to fertilize, while in the normal blossoms they are in 
countless excess, — the economy in number being in proportion to the 
soreness that they will do their work. Moreover, these pollen-grains never 
leave the anther, but, (as was observed by D. Miiller and by Michalet, 
but misunderstood, and neatly shown by Mohl,) send out their tubes to 
leek the stigmas, adjacent, indeed, but often at a considerable relative dis- 
tance, these tubes directing their course with the same precision, and in 
the same mysterious manner, apparently, that they ordinarily do when 
baving reached the ovarian cavity they seek the orifice of the ovules. 
This is well seen in Viola^ where, though it is barely possible that extra- 
neoa!> pollen might sometimes be introduced, yet, in view of the immedi- 
ate contiguity of the stigma to the line of dehiscence of the two more fer* 
tile anthers, through which the pollen-tubes are emitted, close-fertilization 
here cannot be doubted. So Mohl concludes that, ** considering that 
these little flowers are constantly fertile ; that in some plants they are the 
only ones that are fertile, while in others they are far more plentiful than 
the large flowers, and that upon these the propagation of the plant mainly 
depends, it results that it is not a general law in hermaphrodite flowers 
that Nature should favor fecundation by the pollen of another flower in 
preference to its own pollen." Mob I proceeds to state that self-fertilization 
18 equally secured in some non-dimorphic flowers, and instances Famari* 
acecB as a case where this is *^ absolutely necessary, the transport of pollen 
from one flower to the stigma of another appearing to be absolutely im* 
possible, on account of the special structure of the corolla, and of the 
inUmate connection of the exterior [interior?] petals which enclose the 
anthers and stigma.'' We had thought the same, although the nectarif- 
[ eroaa sacs should have made us pause ; but Mr. Darwin called our atten- 
i tioQ to the great facility with wbich the cap or united tips of the inner 
'[ petals would be pushed off to either side by a bee visiting the blossom 
j, and seeking honey from its nectary. To this it sufficed, as we thought, to 
amwer, that pollen was actually falling from the anthers upon the stigma 
they surrounded a full day before the tips of the outer petals opened, i. e., 
Wore there could be any access whatever from without. The reply to 
this seeming demonstration duly came in Mr. Darwin's capital discovery 
that, in Linum and other cases, the pollen may be less potent or even im- 
f potent upon its own stigma, while that from another flower is prepotent! 
oiill these little precociously-fertilized flowers, of various and diverse fam- 
Am. Joub. Soi.---Second Sebies, Vol. XXXIX, No. llS.—JiLV..^ t8i^. 
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ilies, stand as veritable exceptions to the univerealitj of the law which 
Darwin has ably deduced. 

What causes the pollen-grains to emit their tnbes withont cotitact with 
the stigma, and indeed at a considerable distance fromr it, is an utter 
mystery. Mohl remarks here an analogy with the case of Aseleptas^ and 
that in Viola^ Specularia^ <&rc., as Brown has stated for Aiclepias^ there 
is no liquid poured out by the stigma which might somehow place the 
pollen in relation with the stigma. 

Finally, Mohl calls attention to an early remark of Linneeiis, that, in 
the year 1753, a considerable number of plants raised in the Upsal gH^ 
den, for which the Sweedish climate was too cool, flowered clandestinelj, 
yet produced fruit. We may note that in the Cambri<lge BDtanic Gar- 
den, Oxyhaphus nyctagineus copiously fruits from the bad in cool and 
cloudy weather : so do one or two Pavonias for a considerable part of the 
season. And, several years ago, Nyctaginia capitata of Texas seeded 
abundantly all one summer without expanding a single fiower, or even 
producing a full-grown flower bud. The next year it blossomed freely. 

Mohl justly notes that these diminutive bud-fruiting flowers are oflen 
produced earlier in the season, as in Specularia, Impatiens, &c^ but some- 
times later than the normal blossoms, as in Oxalis and Viola, And he 
shows that the former conform (be looking upon such, flowers as prepon- 
derantly female) to Knight's hypothesis, (drawn from encumbers and 
melons,) that a high temperature favors the development of male flow- 
ers, while a lower temperature is more propitious to female blossoms, 
— a view which Thnry took as the starting point of his interesting investi- 
gation upon the production of sexes in the animal kingdom. But Naudin 
has appended to the French translation of Mohl's paper, an important note^ 
in which he declares that his sedulous observations upon Cucurbitacea for 
the past ten years are far from confirming Knight's theory ; that in thb 
family male and female blossoms appear independ^mt of conditions of 
temperature, but intimately connected with peculiarities of temperament, 
which vary from species to species, from race to race, or even among in- 
dividuals of the same race. And he notes especially (what we suppose 
applies generally) that the races of melons, squashes, and gonrds which 
have long been cultivated in northern Europe are comparatively more 
precocious, and need much less heat for maturing their fruit, than those of 
the same species which have been recently brought from tropical regions. 
Also that the same Cucurbitacece arrive at adult age, i. e., to the age for 
flowering and fruiting, far sooner under the hot and cloudless sun of the 
south of France than under the cooler and obscurer skies of Paris, where 
they vegetate richly, but hardly blossom. Naudin remarks, also, that 
many monoicous Cucurbitacece tend to become dioicons, without assignable 
cause ; and, as especially fatal to Knight's view, that Coccinia diversifotutt 
cultivated simultaneously at Paris and at Hyeres, in a great number of 
individuals, has produced only male blossoms at Paris, but an abundanos .^ 
of both sexes (monoicous) at Hyeres. a. g. 

3. Najas major^ Ruppia maritima, dtc, discovered at Salina, N, T, 
— The September number of Dr. Seemann's Journal of Botany contatoa 
a Revision of the Genus Najas^ by Professor Braun of Berlin. To the 
sectioa £unajas three species are assigned, viz., N, inajor^ All, N, rnm- 
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Mte, Del., of Egypt, and N. latifoUa^ Braun, from the lake of Valencia, 
Venezuela. The section Caulinia has N. jlexilis^ which is found here 
and there in the North of Europe, and several varieties in the West In- 
dies, Venezuela, &c^ N. arguta^ U.B.E., in New Granada, iV. minor^ Al!., 
in Enrope, Egypt, and India, N.fasciculata^ Braun, in India, and N. 
^mminea, Del., in India, Egypt, &c. N, major^ to .which our attention 
is at present directed, under several varieties, is widely distributed through- 
out, the Old World, in slightly brackish or fresh water, but it was also 
detected by Ohamisso in the Sandwich Islands. What is ecjunlly re- 
markable, Prof. Braun has seen specimens collected in Florida by 
Gabanis. 

Shortly before Prof. Braun^s article came to hand., J!^aja8 major was dis- 
«oyered in Onondaga Lake, first by Judge G. W. Clinton, on the north- 
ern border of the lake (between Salina and Liverpool), and soon after by 
Mr. John A. Paine, Jr^ on its western side, growing luxuriantly and abun- 
dantly, and ^ite fruitful. The marshy borders of the lake, as is well 
knowq, are brackish, at least in the vicinity of the salt-works, and 
abounding in maritime and submaritime plants. To the species formerly 
known there, the above gentlemen have added Chenapodium glaucumj Lep- 
toehioafcucieularis^ and we believe some others. But a more interctiting 
discovery, of a water-plant not before met with away from the sea coast, 
was recently made by Mr. Paine, he having detected Buppia maritima in 
Onondaga Lake, along with Najas majors equally in a fruiting state. 

A. |V. 

4. Spontaneous return of hybrid plants to their parental forms^rrr^We 
have b^a prevented from preparing, as we wished to do, abstracts ^f the 
two rival essays upon Hybridity in Plants, viz., that of Mr. Naudin, of the 
Jardin des Plantes, and of Dr. Godron, of Nancy. The latter was pub- 
lished ia full in the Annates des Sciences Naturell^s^ 4th series, yolume xix, 
and 4i1bo a part of the former, the whole memoir of Naudin, with details 
•f the experiments and figures, having been accepted for publication in the 
Mimoires of the French Academy. The prize for which the essays com- 
peted were awarded to Naudin. A brief account of the two essays ap- 
peared a year ago in the Natural History Review. As respects one, the 
priaeipai question, to use the summary of the Rei^iew, ** the general result 
IS, that Dr. Godron says : simple hybrids are absolutely sterile. Mr. Nau- 
din says: hybrids are fertile whenever their anthers contain well organ- 
ized pollen. Of 30 to 40 hybrids experimented upon, three-fourths were 
ibund to produce seeds capable of germination.^' 

Upon another point of eoual interest, Naudin's testimony is explicit, 
lie maintaining that .hybrid plants, however constant at first, tend in sub- 
sequent generations to a separation of the two specific elements, which 
are, as he expresses it, rather intermixed than truly combined, so that 
tkey .would at length resolve themselves into the two parental types, or, 
by fiiilure on one side, return to the one on the other. Naudin returns to 
tkis subject in a. note in the F,l(xr£ des Serves for July, 1864, where he gives 
ihe.result ofhis.experiments upon our common sorts of thorn-apple, Datura 
Stramonium and D. Tatula, These have more commonly been taken 
hr varieties of one species; but their specific distinction has been main- 
tained, especially of late, by various arguments. According to Naudin 
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tbey are truly distinct species, which do not sensibly vary. One always 
exhibits green stems and pure white flowers; the other, dark-purj^e 
stems and violet-tinged flowers. These two thorn-apples Mr. Naudin 
crossed, in 1855, and obtained a hundred or more hybrids, both Talulor 
Stramonium and Stramonio-Tatula, both just alike, and exactly inter- 
mediate between the two species in the coloration of the stems and 
flowers. They had, however, the peculiarity of a gigantic size, attaining 
at least twice the size of their parents, and a tendency to sterility, which 
was manifested in the failure of all the flower-buds which were produced 
at the first forkings of the stems. The later flower-buds oi>ened, however, 
and were perfectly fertile, the pods being as large and as full of good 
seeds as thoc.e of either parent. In 1861, these seeds (of Stramonio-Tatula) 
were sown, and produced a second generation like the first Seeds of 
this crop were sown in 1862, and twenty-two seedlings were preserved 
for experiment. Five of these developed as D. Stramonium in all iti 
purity, i. e., had green stems, white flowers, only the ordinary height, 
and dl the flowers fertile, ripening their pods in the first forks, three months 
earlier than did their immediate parents. Nine individuals returned ss 
eorapietely to 2>. Tatula as the five did to 2>. Stramonium. Two othen 
seemed to be 2>. Tatula, and were equally reduced in size and fertile from 
tlie first forks, but they still showed in their paler coloring a trace of the 
other ancestor. The remaining six of the twenty-two showed somewhat 
more of it, both in color and in the tallness and lateness of fructification; 
expressed numerically, Naudin estimates that they were, say, nine-tenths 
J). Tatula and one-tenth part 2>. Stramonium. ** Here, then," says Nau- 
din, *Ms a hybrid completely intermediate between the two parent species, 
which, lefb to itself, fecundated by its own proper pollen, is spontaneously 
dissev-ered at the secx>nd generation, dividing its offspring between the 
two species. And it is to be remarked that the division is very unequal, 
D. Tatula taking the lion^s share, totally or nearly reclaiming seventeen 
individuals out of the twenty-two. This unequal division is common in 
hybrids, and sometimes goes to the extreme, one of the parents wholly 
disappeaiing from the hybrid progeny, which thus passes over entirely to 
the ^ther species." 

As to crossing species and their hybrids, in view of obtaining diverse 
and particular varieties, Naudin shows, accordingly, that, to obtain the 
desired results, the hybridizer should take pains to cross those mongneli 
which tend tow«i^ one parent with those which tend to the other, 
thus opposing the tendency to return to the specific types, which would 
otherwise surely take place. By doing this for a few generations, the 
two hereditary tendencies become, as it were, thoroughly confused, and a 
multitude of new variations break out in all directions, from which the 
amateur may select what he likes for preservation and further experiment 
This is according to a principle first expounded by that excellent investi- 
gator, the late Louis Vilmorio. a. o. 

6. Flora of the British West Indian Islands ; by A. H. R. Grisebach, 
M.D. ; Professor of Botany in the University of Gottingen. London, Lev*- 
ell Reeve <fe Co. 8vo, parts VI and VII, 1864. — These parts, extending 
from p. 507 to p. 789, complete this most valuable work, which, as was 
intended, closes with the Vascular Oryptogamia. A full index of the 
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c» is appended, and a list of colonial names. The preface gives an 
int of the circumstances under which the work was undertaken, and 
le inateriais which the author has so sedulously and promptly elab- 
d. West Indian botany was very difficult and confused : ** Almost 
16 principal authors who have written on West Indian plants belong 
e last century, and consequently to the Linnadan school, and a gen- 
ivnopsis of West Indian plants has never before been attempted, not 

by Swartz, whose Flora contains descviptions of his new species 

with a few remarks on allied forms." Moreover, the British West 
J8 offer only the separate fragments of a larger flora ; and Trini- 

as its geographical situation indicates, naturally belongs to the 
of Venezuela and Guiana. The northern Bahamas might be sup- 
1 to have a vegetation very like that of East Florida, from which 
are separated by the Gulf Stream ; but this seems not to be the 
^ Jamaica, again, from its mountainous character and more distant 
ion, most of the leeward islands, from being wooded volcanos, and 
najority of the windward ones, with a dry climate and a low calca- 
\ soil, form three divisions of this tropical archipelago, which show 
lany peculiarities. Thus the whole of the British West Indies, as 
>rised in this flora, may be divided into five natural sections, each 
a distinct botanical character." Altogether, they amount to about 
)0 English square miles, or nearly twice the area of Wales. But 
layti alone is neaHy twice, and Ouba nearly thrice, as large as all 
British Islands together, and not only far richer in vegetation, but 
ess explored, the publications of Jacquin, Swartz, &c., having been 
St confined to the British possessions ; so that it was with old species 
,ly, that Dr. Grisebach had to deal, those which were ** the founda- 

indeed, of our scientific knowledge of the flora of tropical America.'* 

these " have so often been misundei-stood that their synonyms are 
lore numerous than their numbers." A general West Indian Flora 
r out of the present question, we learn with interest that Dr. Grise- 

is preparing a special paper on the geographical range of the West 
in plants, including the capital island of Cuba, which Mr. Charles 
^ht has so industriously and successfully explored through its length 
breadth, and is expecting still further to explore, 
^e may here add the remark that Mr. Wright's third distribution of 
logamous plants and ferns — the fruits of his labors for the last three 
i — has just been made, consisting, in the fullest sets, of about 1800 
es or numbers, (including some which have been redistributed under 
lumbers,), and that the greater part of them have already been de- 
ined by Dr. Grisebach, the now recognized authority in West Indian 
ny. An equally rich field probably remains in Hayti, to tempt an 
nturous explorer. The Bahamas, also,* bare as they seem to be, "have 
3d very interesting," and are thought to promise still many novelties, 
le series of Natural Orders adopted in this work being different from 
ordinary ones, and especially from that of the other colonial floras, 
ily owing to the intercalation by Dr. Griesbach, of the apetalous or 
zed forms among the polypetalous orders — where many of them 
\y belong, — the author has added a tabular arrangement more in 

dance with the Caudollean series, und with that employed in the 
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new Genera Phntarum of Bentham and Hooker, which will be the nut- 
ural compimioii of these colonial floras. These volumes are all written 
in English ; and it is interesting to see how nearly at home the Gdttiii- 
gen Professor makes himself in a language foreign to him. A. G. 

6. Floruia Atisiraliensis : a Description of the Plants of the AustrO' 
lian Territory^ by George Bentham, F.R.S., P.LJS., assisted by Fki» 
DIN AND MuLLER, M.IX, F.R.S. & L.S., etc., vol. II, Leguminosoe to Cornhn- 
taceoe, 18^4, pp. 521, 8vo. — That the second volume of this important 
work has been brought out so soon after the first, may be attributed, not 
merely to the indomitable industry and force of the author, but also to 
the fact that four-6fths of its pages are devoted to the great order Legum^ 
inoscBy to which Mr. Bentham has previously devoted much attention. la 
fact, to (iiiti the reformation of the order from the state in which DeOao- 
dolle led it, is almost wholly due. lie first indicated, we believe, ths 
floral characters which distinguished the Cesalpineous from the PapiiionA- 
ceous suborder, settled the tribes of the latter upon their present bsni^ 
and, besides various special memoirs, revised the Mimosem several yean 
ago in a complete monogra])h. The huge genus Acacia is roost largely 
Australian, where, indeed, of all Phsenogamous genera it is roost nulDe^ 
ous in species ; and the Phyllodineous Acacias are almost exclusively 
Australian. The present flora describes ^93 species of Acacia^ of wbioh 
271 are of the Phyllodineous section. These are so neatly analyzed bv A 
tabular key, of the sort which Mr. Bentham makes so mu(*h of^ — ibst 
the crowd of specimens in the herbarium may be most readily det6^ 
mined and arranged. Chrysolalancece are here recombined with Bosor 
cece. Saxifrageoe (we know not why the form Saxifragaceas is refused, 
and Saxifrageai therefore used as the name both of an order and of a 
tribe) are well made to follow immediately after Rosacece ; then conw 
Crassulacece^ of course ; and Droseracece, retained as a good order. TIm 
volume is smaller than its predecessor, closing with CombretcLcece, not to 
sever the Myrtacece, so largely represented in Australia. a. o. 

7. Upon a form of budding in some Insect Larves, — In the last number 
of the Zeitschrift fur wissenschaftliche Zoologie are two articles of inter- 
est,^ upon a form of multiplication by budding occurring in some larvci 
of dipterous insects, and also containing a description of a new genus sad 
species of Cecidomyians founded on one of the insects in which it was 
observed. It seems that Nicolaus Wagner published, in the memcnrs of 
the Kazan Institute for 1862, an account' of a larval multiplicatioa by 
a sort of internal budding, and that 0. E. v. Baer confirmed the diseor- 
ery last year in the 6th vol. of the St. Petersburg Bulletin, suppleroentiqg 
it with the full history of the larve, of its development into a perfect insect^ 
and of the deposit of a few large eggs thus fructified. In July of 1864, 
Dr. Meinert published in the Danish Naturhistorisk Tidsskrift an account 

^ Weitere Erlaaterungen iiber die von Prof. Nic. Wagner beschriebene InaecieB- 
larve, welcbe sich durch Sprossenbildung vermehrt, von Fr. Meinert Ana devi 
Danischen rait Bemerkungen iibersetzt von C. Th. ▼. Siebold. 

Die ungeschlechtliche Vermehrung der Fiiegenlarven von Prof. H. Alex. Pagea^ 
•techer. Zeits. f. Wiss. 2^1. xiv : 4 Oct., 1864. 

* This was noticed in the Zeitschrift f. Wiss. Zool, ziii, 613, but the writi^of 
this has been so situated that it wholly escaped him, and he has not yet seen that 
notice. 
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of the same facts as observed by him, and also a description of the per- 
fect insect as a new genus and species, with the name Miastor metraloas. 
The first of tlie two articles cited above, is a translation of a part of Dr. 
Heinert's paper, with some remarks by Dr. Siebold, the editor, which, he 
says, was just completed when he received the second article. This lat- 
ter is a well illustrated and detailed account by Dr. Pagenstecher of a 
similar larval multiplication occurring in another species of dipterous 
insect. 

It will be sufficient here, afler calling attention to these articles, to 

five the principle fact confirmed in them. This is, that an insect larve 
as been seen to have egg-like bodies within the abdominal cavity ; that 
these have been seen to develop into larves, which finally bursting out 
became free and resembled in every way the stock larve ; that then, or 
perhaps after a second similar larve-brooding, the larves developed into a 
perfect dipterous insect which laid eggs and started anew the circle of 
q>ecies-life; and lastly, that this is seen in more than one species. 

There are some points not altogether agreed upon by the observers 
above referred to. One is as to the place and the material at and from 
which these larves are formed in the larve-stock. Dr. Meinert describes 
tiiem as formed from the granular fatty mass of the abdominal cavity^ 
which he regards as a sort of remnant of the embryonic yolk division. 
Dr. Pagenstecher, on the contrary, says he saw none of these fat cellules in 
the way of developing into eggs, and thought these latter wholly differ- 
ent from any cells approaching their size, and sums up as follows : " In 
some unknown part of the body, cells are set free, which, without being 
specially fructified, assume the character of eggs. These develop into 
embryos that exist in a sort of pupa state within the mother-body, and 
develop at the expense of the parent structures. Finally they break 
forth, the larve-stock dying, and become independent themselves." — pp. 
414-5. w. 0. M. 

IV. ASTBONOMY. 

1. Discovery of a new Planet, Terpsichore^ ®. — Mr. Tempel, at Mar- 
seilles, discovered on the 30th of September a planet equal in brightness 
to a star of the 10th magnitude. The following elements are given by 
Mr. Tietjen : 

ElemewU of TerpHckore @. 

T = 1864, Oct 2.30, B.m.t i = 8* 46' 43 "-0. 

M = 361** 31' 62"0, 9 = 7 32 35 -4. 

jr = 23 40 12 -1, it* = 766"-494. 

a = 2 48 29 -3, log. a = 0*444043. 

2. New Comet — Another Comet was discovered on the 9th of Sep- 
tember by Mr. Donati, at Florence. It was very faint, and seen with dif- 
ficulty. Mr. Celoria, of Milan, gives the following elements, computed 
from observations of Sept. 9th, 11 th, and 13th : 

T = 1804, July, 27-8829 m. t of Milan. 

Q = 176° 11' 67"-4, 

n L= 190 10 34 -7, 

» = 44 66 63 -6, 

I log g =: 9*787184, motion retrograde. 



Mnjr. 


No. of Stan. 


6-6-9 


4,328 


7-7-9 


13,593 


8-89 


67,960 


9-9- 


237,544 
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The comet, according to these elements, passed its perihelion before 
those heretofore known as Comet I, 1864, and Comet II, 1864. 

3. Namlters of stars in the northern hemisphere. — In the last edition 
of his Wander des Himmels, Piof. Littrow gives a summary of the nus- 
bers of stars that are in Argelauder^s charts of the northeru hemispben. 

From N. declination, 0** to 20^ 110,987 stars. 
" " 20** to 40*, 105,082 " 

" " 40* to 90% 108,131 ** 

Classified according to magnitude there are, 

Mng. No. of Stars. 

1-1-9 10 

2-2-9 37 

3-39 128 

4-4-9 310 

6-5-9 1,016 

There are, besides these, 60 nebulae and 64 variable stars. — ffeiif 
Wochenschrt/t, Sept, 28 th, 

4. On the age of the moon's surface ; by J. Nasmyth. — The views I 
entertain on the f^ubjcct in question are these, namely, that, as a direct con- 
sequence of the small mass of the moon, and its comparatively large 80^ 
face, it must have parted with its original cosmical heat vith much 
greater rapidity than in the case of the earth, and consequently the inoon 
must have assumed a final condition of surface- structure ages before the . 
earth had ceased from its original molten condition. And as the moos 
in all reasonable probability never possessed an atmosphere or water 
envelope (it certainly has none such now), while the earth has both, the 
action of the earth's atmosphere, and especially that of its ocean when it 
existed in the first instance as a vast vapor envelope, ere the earth had 
cooled down so as to permit the ocean taking up its final position as an 
ocean, this mighty vapor envelope must have retarded the escape into 
space of the cosmical heat of the earth millions of ages after the moon 
had assumed its final condition as to temperature. 

Therefore it is from such considerations I am led to the conclusion that 
the surface features and details of the moon present to us a sight of ob- 
jects the antiquity of which is so vast as to be utterly beyond the power 
of language to express, and scarcely less so for the mind to conceive. 

Such considerations appear to me to enhance so vastly the deep inte^ 
est which ever attends the examination and contemplation of the moon*8 
wonderful surface, that I would earnestly urge those who agree with the 
soundness of these views to bear them in mind the next time they hare 
an opportunity to behold the marvellous details of the lunar surface, as 1 
I am fain to think that in doinor so the interest of what is there revealed ^ 
to them will be rendered vastly more impressive. — Proceedings JfancheS' j 
ter Lit. and Phil. SoCy Nov. 15, 1864. 

6. On the probable error of a Meridional Transit-ohservationj by th$ 
eye-and-ear, and Chronographic method; by Edwin Dunkin, Esq. — At the 
close of an elaborate discussion of the observations made at the Royal 
Observatory at Greenwich, in 1853 and 1857, presented to the Royal 
Astronomical Society in May, 1864, Mr. Dunkin says: 
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In laying before the Society the preceding abstracts, which are the 
results of a great mass of computations, I consider that I can with some 
oonfidenoe offer the following conclusions, which are derived from this 
discussion : — 

(1.) In ^^ eye-and-ear^^ observations, the probable error of a Greenwich 
transit observed in 1863 over one wire is tt 0«'078, while that of a com- 
plete transit over the seven wires is ±0"'029. In chronograpkic observa- 
tions, the probable error of a Greenwich transit observed in 1857 over 
one wire is ±0"'051, and that of a complete transit over the nine wires is 
±0«»-0l7. 

(2.) There does not appear to be any certain difference in the probable 
error of transits of stars between the first and sixth magnitudes. 

(3.) In ** eye-and-ear*^ transits, for stars whose N.P.D. is greater than 
60®, it would seem that the probable error of a transit increases slightly 
88 the N.P.D. decreases ; while in the chronograpkic transits the coiTes- 
ponding changes are insignificant. 

(4.) In *^ eye-and-ear^^ transits, the personal discordances are liable to a 
eonsiderable variation between the different observers ; in chronograpkic 
transits, the differences between the observers are comparatively small. 
The general steadiness of observing by the latter method is very remark- 
able, and shows the great advantage obtained by its adoption. 

(5.) The probable error of a Greenwich result for Right Ascension in 
the year 1863, as determined from ^^ eye-and-ear^^ transits, is ±08'048 ; 
while the corresponding probable error resulting from ckronographic tran- 
sits, in the year 1867, is =h0*034. By arranging the separate results 
into groups, according to the stars' magnitude, it is found that no certain 
difference can be distinguished in the accuracy of the observed transits, 
excepting only that there is a tendency in both methods towards an in- 
crease in the probable error when transits of stars of the first magnitude 
are observed. The amount of increase in this instance, however, is in 
reality small, and is probably to some extent accidental. h. a. v, 

6. Shooting Stare in November^ 1864. — Arrangements were made at 
▼arious places in the United States to watch for the shooting stars on the 
mornings of Nov. 13th and Nov. 14th. The sky was entirely overcast 
in most places, and nearly so in all. Through openings in the clouds, 
which would last a few minutes, occasional stars were seen, but whether 
there were more than usual it is impossible to determine. There was 
eertainly nothing like the great display of 1833. 

In San Francisco the sky was overcast. It is possible that some parts 
of California were favored with clear skies, and that we may yet obtain 
observations frona them. Mr. Quetelet writes that a similar clouded sky 
prevented observation in Brussels. h. a. y. 

6. Supplementary note to the article on tke Nebular Hypotkeeis, — The 
form of Mars, as determined formerly, did not seem to agree with what we 
might expect from the primitive fluidity of the planet. The attention of 
astronomers having been recently called to the ellipticity of Mars, it seems 
now to be improbable that it has so large an ellipticity as has been hereto- 
fore received. {Thin Journal^ [2], xxxviii, 436.) We thus see that this 
unconformable case is likely to yield to the requirements of the nebular hy- 
pothesis. We may venture to add that it is extremely improbable that 
Mars has an ellipticitj differing much from that of ihfc eatlVx. ii»t. 
Ail Joub. 8ol-^econd SsniES, Vol. XXXIX, No.l\5.— 3xisi.A^^' 

15 
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VI. MISCELLANEOUS INTELLIGENCE AND BIBLIOGRAPHY. 

1. National Academy of Sciences, — The Report of the National Acad« 
emy of Sci<^nce.% made by tlie Academy to the General Government, for 
the year 1863, has been published. It forms an octavo volume of 118 
pages, with several maps. It contains only such Reports as had been 
made by committees of the Academy on the call of the General Gk>vem- 
ment, with a brief statement of the operations of the Academy during 
the year 1863. The more important contents are a Report on the pro- 
tection of bottoms of iron vessels from corrosion, etc. ; — Report of the 
chairman of the Compass committee appointed to make experiments for 
the correction of local attraction in vessels built partly or wholly of iron; 
— Report of the committee appointed to examine the ** Wind and On^ 
rent Charts" and " Sailing Directions" issued from the Naval Obeervatoiy, 

At the last meeting of the National Academy, held in August at New 
Haven, Ct., three vacancies in its list of members were filled by the elec- 
tion of Dr. J. C. Dalton, of New York, Leo Lesquereux, of Golumbw, 
Ohio, and S. F. Baird, Assistant Secretary of the Smithsonian Institution. 

2. American Philosophical Society, — The Magellanic premium of a 
gold medal has been awarded by the Philosophical Society to Mr. Pliny 
Earle Chase, for the discovery of numerical relations between gravity and 
magnetism. 

3. Medals of the Royal Society, — At the Anniversary meeting of tlie 
Royal Society, on Wednesday, the last day of November, the Copley 
medal was awarded to Charles Darwin, Esq., F.RS., ^*for his important 
researches in Geology, Zoology, and Botanical Physiology;" and the 
Rnmford medal to J. Tyndall, F.R.S., for his researches on the Absorption 
and Rndiation of Heat by Gases and Vapors. 

4. II. R. Schoolcraft. — This distinguished traveller, and investigator 
of the manners, history, and language of the American Indian tribn, 
died at Washington on the 1 9th of December, in the seventy-second year 
of his age. 

5. F. W. Struyb, the celebrated astronomer of Pulkowa, Russia, died 
on the 23d of November last. His son, Otto Struve, was appointed hii 
Buccessor last year. 

6. Thoughts on the Influence of Ether in the Solar System^ its reUUvm 
to the Zodiacal Lights Comets, the Seasons^ and periodical Shooting stars. 
By Alexander Wilcocks, M.D. Extracted from the Transactions of the 
American Philosophical Society. — Dr. Wilcocks advances the hypotheiii 
that there is a constant circulation of ether induced by the heat of the 
sun ; that the cold ether descends near the poles of the sun, and that 
heated ether ascends from the sun^s equator, or rather from a parallel 
of solar latitude just north of the equator; that this heated current as it 
rises is compressed by the cold ether into a thin conical sheet ; that the 
ether bears with it matter capable of reflecting light, and thus causes the^ 
zodiacal light ; that the tails of the comets are lighter than the ether, 
and arise for that reason from the sun, except when near the poles of the 
sun, when they are made to descend in the vortices of descending etiier, 
80 as to present double and multiple tails; that twice in the year, in 

August and November, th^ earth p\u\\^(i% iLcou^h. the sheet of wann 
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«ther, causing a warm period in each month, the dog days and the Indi- 
an summer ; and that in the middle of these two periods it causes the 
feturn of the August and November meteors. 

Dr. Wilcocks has brought together and framed into a plausible hy- 
pothesis many facts, some of them hitherto not connected with any 
theory. But we do not believe that astronomers and physicists will be 
iikely to accept his explanation. What he says relative to the seasons, 
And to the shooting stars seems peculiarly open to criticism. Why, for 
instance, the two periods of heat (supposing them to have an existence,) 
should not, according to his hypothesis, be equi-distant from the 5th of 
June and 5th of December, the two days when the earth is in the sun^a 
equator, he does not explain. For the middle day of one period he names 
the 11th of August, which is 67 days from the 5th of June, while that of 
the other, which he calls the 12th of November, is only 24 days from the 
i^th of December. In what way the periodical star-showers could possibly 
he produced by such an ether we find it difficult to imagine, h. a. k. 

7. Report of the Superintendent of tlie Voast Survey, shomvg the 
progress of the Survey during the year 1 862. xx and 434 pp., 4to, with 
49 diagrams and charts. Washington, 1864. — Besides the General lie- 
port on the Survey and its maps, there is the usual Appendix of Special 
Reports relating to various collateral physical observations. The subjects 
include — Tide tables for mariners ; Cotidal lines for the Gulf of Mexico ; 
Longitude of America from Europe, by Prof. Peirce; Lunar tables by 
the same ; Longitudes in Maine, Alabama and Florida, by B. A. Gould ; 
▼arious series of Magnetic observations ; Solar spots ; BessePs periodic 
functions ; calculation of the depth of the Pacific from the earthquake 
wave of Simoda; Origin of the Florida Reef, by E. B. Hunt, etc. 

8. Uulogy on Joseph S. Hubbard ; by B. A. Gould. 44 pp., 12mo. 
— This eulogy was written in compliance with the call of the National 
Academy of Sciences, which in its constitution provides for such a tribute 
in commemoration of each member that may be removed by death. 
Prof. Gould had in his friend a congenial and inspiring theme. High 
mathematical powers combined with astronomical tastes, an energetic, 
investigating mind, and a frank and genial disposition tempered by a true 
-Christian spirit, had accomplished much for science. The tribute is ad- 
mirable as a biographical notice, appreciative, eulogistic but not beyond 
justice, and of special value as a chapter in the history of American 
astronomy. 

9. Chamber^ s Encyclopedia. — A new volume — the Sixth — of this 
popular Encyclopedia, a work well filled out and illustrated in the de- 
iMirtments of science, as well as in other varied branches of knowledge, 
has just been issued by Ihe American publishers, J. B. Lippincott & Co., 
of Philadelphia. The volume (826 pp.) carries the alphabet nearly 
through N. 

10. Abstraets of Meteorological Observations made at the Magnetical 
Observatory, Toronto, Canada West, during the years 1854 to 1859, m- 
clusive. 136 pp. 4to. Toronto, 1864. Results of Meteorological Obser- 
vations made at the Magnetical Observatory, Toronto, during the years 
1860, 1861 anrf 1862. 84 pp. 4to. Toronto, 1864. 

11. Review of American Birds ; by S. F. Baird. — The publication and 
issue of this work has already reached the 148th page. 
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12. M(mogrttph of the BaU of North America ; by H. Allen, M.D.— 
Smithsonian !Mi8cellaneou8 Collections, No. 165. Washington. 86 pp., 
8vo, with numerous wood-cuts. — The species included in this important 
monograph are those of North America north of Mexico. 

13. American Journal cf Conchology, — A prospectus has just been 
issued by G. W. Tryon, Jr., of Philadelphia (625 Market St.), proposing 
the publication of a Quarterly Journal of Conchology, and soliciting sub- 
csriptionf). Price ten dollars a year ; single numbers three dollars. We 
commend it to all interested in the progress of science. 

The Plurality of the Human Race ; by G. Podchkt. Translated from tlie Frendi 
by H. J. C. Beavan. London, 1864. Published for the Anthropological Society. 

The Phenomena of Hybridity in the genus Homo, by Dr. Paul Bbooa. Pab* 
fished for the Anthropological Society. 

Reptiles of British India ; by Albert 0. L. Guntheb. Published by the Ray 
Society. 1864. 

A History of the Spiders of Great Britain and Ireland; by John Blacewaix, 
F.L.S. Published by the Ray Society. 1864. 

Metamorphoses of Man and the lower anhnals (in French) ; by A. de QnATUE> 
FAOBS. Pans, 1864. 

BeschreibuDg und Eiatheilung der Meteoriten ; yon Gcstay Rose. 162 pp.» 4to, 
with 4 plates. Berlin, 1864. 

Mtfteorologische Waamemingen, of the Netherland Meteorological Institute, for 
186S. $26 pp., 4ta Utrecht, 1864. 

PaOOKBDINOS OF THE AmEBIOAN AoADEMT OF ArTS AND SCIENCES, Yol. YL— 

Page 97, On the Aluminates of Baryta; W, P, Dexter.— y. 106, Embtyology of 
Asteracanthion berylinus, ^., with a plate ; A. Agamz [noticed at p. 130, toI 
szzviii, of this Jour.]— p. 114, On the velocity of light and the Sun's distance; Zo»- 
•ruiy.'— p. 148, On the observed motions of the Companion of Sinus; T. H. Seffori. 
— p. 166, Analysis of a Dacotah Meteorite; C, T, Jackton. — p. 169, On the new 
form of the Achromatic Object-glass introduced by Steinheil, with a plate ; Bond.~' 
p. 377, List of new Nebulas seen at the Observatory of Harvard College; Bond.-- 

LI 82, On Stveptanthus and the plants referred to that Genus; A. Oray.'-^p. 188, 
vision and arrangement (mainly by the fruit) of the North American species of 
Astragalus and Ozytropis; A. (Jray, — p. 241, On the causes of Insanity among 
women ; Storer.'^p. 242, On the R. A. of the pole star as determined from ohser- 
yation ; T. ff. Safford.—^, 251, On a process of organic elementary analysis by com- 
bustion in a stream of oxygen gas ; (7. M. Warren [see last vol. of this Jour., p. 887]. 
— p. 263, Observationes LichenologicsB ; JS. Tuckerman. — p. 288, Investigation ot 
the best approximate representation of all the mutual ratios of k quantities by 
those of simple integers ; Oliver, 

PaOOEBDlNOS OF THE AcAD. NaT. SoL PHILADELPHIA. No. 4, Sept. RUd Oct 1864. 

— Page 181, Limits and relations of the Raniformes ; E. D. Cope, — p. 188, Descrip* 
tion of a Gar-pike supposed to be new; A, Winchell. — p. 186, New genera and spe* 
cies of N. A. Myriapoda; ff. C. Wood, Jr, — p. 187, Note on the Paralepidoids and 
Microstomatoids, and on some peculiarities of Arctic Ichthyology ; T, Gill, — p. 189, 
Synopsis of the Cyclopteroids of eastern N. A. ; id. — p. 194 and p. 214, Synopsis of tht 
Pleuronectdids of California and Northwestern America ; id, — p. 199, on the affinitiei 
of several doubtful fishes ; id, — p. 208, Note on the family of Stichseoids ; id. — p. 211, 
Notes on shells, with descriptions of new fossU species and genera; T. A, Conrad.-^ 
p. 224, On the characters of the higher groups of Reptilia squamata, and especially of 
the Diploglossa ; E. D. Cope.-^p. 281, On a Uind Silurid, from Pennsylvania; £. D, 
Cope, — p. 234, Fasti Omithologise ; Obituary of P. L. S. Miiller; /. Catnn, 

Proceedings of the Essex Institute, Salem, Mass.— Vol. Ill, includes yean 
1860 to 1868. Vol. IV commences with the year 1864. No. 8 of Vol. IV, (Joly, 
August and September,) contains ike conclusion oi J, A, AllerCt Catalogue of the 
Birds of Massachusetts, and a paper on the habits of some species of HumUe 
Bees, by F. W. Putnam, 

Journal of the Portland Society of Natural History, Vol. I, No. 1. Port- 
land, Jfaine.— This number is occupied by *&. %.'NLot%«!% '^tt.i^r on the Terrestml 
PuJmouiferA o£ Maine, noticed in the \aat ^oVim^ ol \)t]^& ^Q\a\:aXk^«^^^ 
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BT. XVI. — On Terrestrial Magnetism, as a mode of Motion; by 
Pliny Eable Chase, M.A., S.P.A.S/ 

In a note to a former communication, I expressed my belief 
it the British Astronomer Boyai would find in the mechanical 
tion of the sun's rays, the precise *' occasional currents'' for 
lich he was seeking, as the probable cause of magnetic storms, 
r. Airy has recently sent me a copy of his very interesting 
per {^Trans, Roy. iSoc,, 1863, Art. xxix), and its perusal has 
eatly strengthened this belief. 

All of my meteorological views rest upon the hypothesis, that 
e atmospheric changes, whether of humidity, temperature, 
essure, electricity, or magnetism, are purely mechanical ; and 
at, being controlled by tlie laws of motions, their proper ex- 
iination does not require the assumption of any peculiar mag- 
tia or electric fluid, but that a single homogeneous, elastic, and 
l-pervading 8ftther may be both the source and the receptacle 
all the various forms of force. In its principal features, this 
cory harmonizes with the now generally accepted belief in the 
echanical origin of light and heat, but in its details it involves 
•me new and interesting special applications, which I have en- 
javored partially to develop. 

It will be readily seen, by a reference to my communication 
' April 15 {Proc, A. P. 6*., ix, 367, et seq.), that the mec/tan- 
il action of the currents to whose electric action Ampere 
cribed the origin of terrestrial magnetism, produces two oppo- 
te spirals in the air and oether, — the lower moving from the 

' From the Proceedings of the American Philosophical Society, Oct. 21, 1864. 
in. JouB. Sci.—Seoond Berisb, Vol. XXXIX, No. UO.— M.i&qb.^ \QI^. 
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poles to the equator, and against the earth's rotation ; the upper 
from the equator to the poles, and in the same direction as the 
earth's rotation ; the two being connected by innumerable cur- 
rents of convection, or threads of ascending and descending 
particles. It will also be evident that at every place there arc 
two principal sets of such double spirals, one with an axis per- 
pendicular to the earth's radius vector, producing a maximum 
disturbance in the early afternoon, and the other more stable and 
uniform, with an axis passing through the nearest poles of great- 
est cold. Jn addition to the mutual perturbations of these two 
principal polarizing currents, the rolling of the luni-tidal attrac- 
tion-wave produces at every instant a greater or less derange- 
ment,' and I find that the ratio of the lunar-barometric to the 
lunar-magnetic disturbance, (4:'384), is nearly identical with Mr. 
Welsh's determination of the moment of magnetic inertia (4*4696; 
Phil, IVans.y cliii, 297). From a variety of considerations, it 
appears that the mechanical polarity or magnetic force thus en- 
gendered is a third proportional to two other forces, which may 
be called, respectively, central and tangential. 

The communication which was presented at the meeting of 
Oct. 7, in its exhibition of the first numerical relationship that 
has even been pointed out between the barometric and magnetic 
fluctuations, showed that A : B : : B : M, a proportion in wliicli 
A represents a central, B a tangential, and M a magnetic force. 

I find a similar proportionality in each of Mr. Airy's sum- 
mary tables (Op. cit., p. 627, seq). Thus, in his "Table II, 
Algebraic Sums of Magnetic Fluctuations (in terms of Hori- 
zontal force) for each Year, from 1841 to 1857, including all 
Days of Record of Great Magnetical disturbance," the Mean 
Disturbance is 

Westerly force. Northerly force. Nadir force. 

- •00023=M. - -OOUezsT. - -00067 =C. 

Here the proportion T : C : : C : M gives for M a 

Theoretical value, . . . . - -000222 

Observed " ... —-000228 

Probable error, . * . . . -OOOOSO 

^* Table III. Algebraic Sums of Magnetic Fluctuations (in 
terras of Horizontal Force) for each Year, from 1841 to 1857, 
including only those Days of Great Magnetic Disturbance, in 
which Eccords were made by the three Instruments." 

Theoretical value of M, . . . .-•000287 

Observed •«"... - -000267 

Probable error, . . . -000068 

' Besides the great disturbing agencies, whose effects may perhaps be determiO' 
able by raathematical prediction, every transient local accumulation of heat or cold 
'^vill exurt an influence. Everythiag that can produce currents or eddies in the at* 
mosphere, may also be presumed to affect the sether, and the inconceivable rapiditj 
of the rethereal motions, as manifested in the velocity of the waves of light aod 
heat, will account for the extreme sensitiveness of the magnetic needle. 
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Tables V and VI exhibit an approximation to the proportion, 
]! : T : : T : M, but the approximation does not come within the 
imits of probable error. As no attention is paid in these two 
i^ables to the positive and negative signs, we could not reason- 
bly expect so satisfactory results as in Tables II and III. 

*' Table VIII. Sums, without regard of sign, of CoeflBcients 
>f Magnetic Irregularity (in terms of Horizontal Force) for each 
fear, from 1841 to 1857, including all Days of Record of Great 
tfagnetical Disturbance." The proportion C : T : : T : M, gives 
br M a 

Theoretical value, ..... '001218 

Observed « .... '001203 

Probable error, .... -000066 

"Table IX. Sums, without regard of sign, of Coefficients of 
(Magnetic Irregularity (in terms of Horizontal Force) for each 
fear, from 1841 to 1857, including only those Days of Great 
Magnetic Disturbance, in which records were made by the three 
Instruments." 

Tlicorelical value of M, . . . . '00 11 S7 

Observed •*".... -001150 

Probable error, . . . -000081 

In addition to these numerical coincidences, the following 
)oiiits in Mr. Airy's paper appear to me to be specially note- 
vorthy. 

1. " The Aggregate for the Westerly Force . . . , (taken in 
somparison with that for the Northerly Force), appears to show 
that, on the whole, the direction for the Disturbing Force is 10° 
to the east of south;" p. 628. This indicates a line of mean 
disturbance about midway between the magnetic meridian (which 
at London, is about N. 24*^ W.), and the solar meridian, or mid^ 
way between the meridians of decussation in the two sets of 
principal spirals, to which I have referred. 

2. "Sometimes two waves in one direction correspond nearly 

with one in the other direction A more frequent relation 

appears to be, that the evanescence of one wave corresponds 
V\\h the maximum of the other;" p. 685. 

3. "The most striking particulars in the last line (of Tables 
Till and IX) are the following: 

"First, the almost exact equality of the Mean Coefficients of 
In-egularity in the three elements. ... With reference 

to their physical import, I think it likely that the equality of Co- 
efficients of Irregularity may hereafter prove to be one of the 
most important of the facts of observation.* 

"Second, the near agreement in the iiumberof Irregularities 
for Westerly and for Northerly Force. 

' Tins approach to equality appears to be still more important, in view of the 
proportionaUty — C : T ; ; T : M— p. s. c. 
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" Third, tbe near agreement in the number of Irregularitica 
for Nadir Force with half the number of Irregularities for West* 
erly or for Northerly Force ;" pp. 641-2. 

4. Tables X and XI (pp. 643-4) show that the disturbances are 
greatest in the winter montlis and in the night hours. Table X 
also appears to indicate minima of fluctuations and ineqnahties 
in months when there is the greatest uniformity of temperature, 
and maxima when the changes of temperature are greatest and 
most frequent. 

5. Tables XI and XII furnish the materials for tbe following 
synopsis: 



Forces. 


Sumii of Wavo 
dUturbance. 


1 Sums of 
IirHgulaii- 


Moan 
Wave din- 


Avornj^ft 
dfpiirture 
(ruin muaii 


Mean Ir- 
rttsulaiity 


Freqnenqp 
of Storms. 


+ 


- 


tie*. 


turbuDccs. 


i* f Timtj ot max., 


20 A. 


10 A. 


10//. 


20//. 


13 A. 


15 A. 


9A 


^ ^ J I'imif of mill.. 
; ^ ' Amt. of max., 
- [^Amt. ofmin, 


10 /i. 


21A. 


23 A. 


10 A. 


2 A. 


1 A. 


23 A. 


•1170 


•21U1 


•1976 


+ 00142 


•00104 


•00162 


126 


•0166 


•0 Jt 8 


•0346 


-•00165 


•00U66 


•00074 


51 


2* fTimeofmax., 


6/t. 


12 A. 


8 A. 


6 A. 


20 A. 


ISA. 


8 A. 


; ."r , Amt. of max., 


22 ft. 


lA. 


23 A. 


22 A. 


1 -2 A. 


23 A. 


23-1 A. 


•U07 


•2017 


•1764 


+ 0003S 


•00168 


•00144 


136 


5 *" t Amt. of min., 


•0038 


•0674 


•0441 


-•00319 


•00093 


■00077 


67 


.^ ^ TTime of ma>., 
- 2 i Time of min , 
•^ "^ Amt of max. 
(^ Amt. of mill . 


1h. 


14 A. 


lOA. 


OA. 


8 A. 


OA. 


IDA. 


22 A. 


lA. 


23 A. 


17 A. 


22 A. 


23 A. 


lA. 


•3976 


n 3 


•1241 


+•00570 


•00363 


•00180 


86 


•0356 


•0306 


•0177 


- 00380 


•00167 


•00074 


19 



" The Soli-tidal character of the principal characteristics of 
the occasional Magnetic Storms, as to frequency, magnitude, in- 
equalities of wave disturbance, and Irregularities, is seen clearly 
in this TaWe.'' (Table XII) p. 6J[* There are subordinate 
maxima and minima, the consideration of which will become in- 
teresting, when the laws of the principals have been well ascer- 
tained and defined. 

6. "In regard to the Wave-disturbance: for Westerly Force, 
the aorgregate is + from 17*» to 6*^, — from 7*» to 16*»; for North- 
erly Force, the aggregate is + from 8'> to 5^ — from 6^ to 2''; 
and for Nadir Force, the aggregate is -f from 23^ to 10*», —from 
llh to 22h ;" p. 6«. 

7. Mr. Airy presents some conclusive considerations, "show- 
ing that the observed disturbances cannot be produced by the 
forces of any suddenly created galvanic current or polar mag- 
net," and remarks as follows, respecting his theory : " Its fun- 
damental idea is, that there may be in proximity to the earth 
something which (to avoid unnecessary words) I shall call a 
Magnetic Ether; that under circumstances generally, but not 
always, having reference to the solar hour, and therefore, prob- 
iibly, depending on the sun's radiation or ou its suppression, a 
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current from N.N.W. to S.S.E., approximntcly, or from S.S.E. 
to N.N.W. (according to the boreal or austral nature of the 
ether), is formed in tliis Ether; that this current is liable to in- 
terruptions or perversions of the same kind as those which we 
are able to observe in currents of air and water; and that their 
effect is generally similnr, producing eddies and whirls, of vio- 
lence sometimes far exceeding that of the general current from 
which they are derived ;" p. 646. 

8. "And in the relation between E. and W. disturbances and 
vertical disturbances, there is a point which w^l deserves atteu- 
tion. When a water-funnel passed nearly over the observer, 
travelling (suppose) in a N. direction, he would first experience 
a strong current to the E., afterward a strong current to the W. 
(or vice vej^sa)^ and between these there would be a very strong 
vertical pressure in one direction, not accompanied by one in 
the opposite direction ; thus he would have half as many verti- 
cal as horizontal impulses. This state, of things corresponds to 
the proportion which we have found throughout for the mag- 
netic disturbances, and to the relation found in Article 18. I 
may also add that the rule at which we have arrived, that the 
waves of vertical force are few, but that their power, when they 
3o occur, is very great, seems to correspond with what is reported 
Df the whirlwinds of great atmospheric storms ; which, violent 
and even frequent as they may be, occur very rarely at any as- 
signed place; p. 647. 

I add a few considerations from Maj. Gen. Sabine's discussions, 
{Phil. Trans., cliii. Art. XII.) 

9. " The westerly deflections at Kew . . . have a decided 
double maximum, with an intervening interval of about eight 
or nine hours. 

• • • The conical form and single maximum which character- 
izes the easterly deflections at Kew, belong also to the easterly 
deflections in all localities in North America, where the laws of 
the disturbances have been investigated. But . . . at.Nert- 
schinsk and Pekin . . . the conical form and single maximum 
characterize the xoesterly deflections, whilst the easterly have the 
double maximum. ... At the two Asiatic stations, the ag- 
gregate values of the westerly deflections decidedly predominate, 
whilst in America the easterly deflections are no less decidedly 
predominant ; and at Kew, . . . the amount of deflection in 
the two directions may be said to be balanced ;" p. 282. 

10. The differences of the weekly from the annual means of 
declination, indicate " with a very high degree of probability, 
an annual variation, whereby the north end of the magnet points 
more toward the east when the sun is north, and toward the 
west when the sun is south, of the equator;" p. 291. 
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11. The residual errors in the monthly determinations of tlw 
Horizontal Force and of the Dip *'are ihoroughlj confirmatory 
of a semi-annual inequality, having its epochs coincident^ or 
nearly so, with the sun's passage of the equator;" p. 303. 

12. There appears to be "an increase of the Dip and of the 
Total Force, and a deflection of the north end of the Declination 
magnet toward the West, in both hemispheres, in the months of 
October to March, as compared with those from April to Sep- 
tember. . . , The greater proximity of the earth to the sun 
in the December Compared with the June Solstice most naturally 
presents itself as a not improbable cause ; but we are as yet too 
little acquainted with the mode of the sun's action on«the mag- 
netism of the earth, to enter more deeply into the question at 
present;" p. 307. 

I have neither the leisure nor the ability to undertake an ex- 
haustive analysis of the results thus brought together; but I 
j^resent them as well worthy of a profound mathematical investi- 
gation, as oonfirmatory in very striking and minute particulars 
of ray mechaincal hypotheses, and as furnishing new and strong 
presumptive evidence of that marvellous simplicity of force to 
which many independent branches of modern physical research 
so strongly point. This evidence is strengthened by the exist- 
ence, as i have shown elsewhere, of the tidal law of sines in 
the solar-diurnal variation of the magnetic needle, by the mag- 
netic effect of the daily barometric rotation tide, as exhibited 
in the convergence of lines of equal barometric disturbance 
toward the hours of high barometer and their divergence from 
the hours of low barometer, by many points of resemblance be- 
tween the daily and yearly variation curves, both of tempera- 
ture and of magnetism, and by certain considerations confirma- 
tory of the reasonable presumption that there may be lunar 
, monthly magnetic tides, somewhat analogous to those which I 
have pointed out in the barometer. {Proceedings of the Roy, Soc,^ 
June 16, and of the Am, Phil, SoCj June 17, 1864.) 

Besides the differential or tidal action of the moon^ there is a 
slight tendency to diminish the weight of the air that is nearest 
the moon, and to increase the weight of that which is most re- 
mote. In proportion as this tendency is exerted in conjunction 
with, or in opposition to, that of the sun, ihe mean solar-diurnal 
magnetic currents should be increased or diminished. Slight as 
the disturbing influence is. and modified as it must be by vari- 
ous causes, both occasional and periodic (<?. g. the earth's notation, 
the cyclical revolution and consequent varying latitude of the 
moon at the commencement of each new month, the oscillations 
in the aerial rotation -spheroid produced by lunar attraction, the 
changes in the average temperature of day and niffht at differ- 
ent seasons and different years, &c.), it may yet, perhaps, be dis* 
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sernible in comparing the results of a long series of careful and 
delicate observations. The accompanying tables are deduced 
from such a comparison of the St. Helena records. 

Table I. 
8o!ar and Lunar Daily Magnetic Tidet^ inparU of Force,* 
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+048 


-86 


-001 


16 


-0352 


-Oil 


-846 


+061 


-85 


-002 


17 


-0329 


-0O8 


-398 


+029 


-34 


-008 


18 


-0298 


-009 


-465 


+018 


-32 


-006 


19 


-0154 


-001 


-513 


-Oil 


-20 


-005 


20 


+0180 


+008 


-682 


-053 


+03 


-006 


21 


+0470 


+006 


-491 


-050 


+84 


-002 


22 


+0803 


+018 


-427 


-064 


+63 


+004 


23 


+1019 


+009 


-214 


-067 


+85 


-001 



Tablv II. 
Lunar-yfonthly Magnetic Tide of Horizontal Force, 



Moon** 
Position. 

o 


Mean Daily F>uciuntionN of Hori- 
zontal Furco at St. IIoiona.ft 


Moon*8 
P4i»ilian. 

o 


Mean Daily Fluctuntiona of Hori> 
zontal Force at 9t. Ileltinti 


1844. 


1846. 


1846. 


1844-6. 
Averaga. 


1844. 


1845. 


1846. 


lb44-6. 
Average. 




15 

SO 

45 

60 

75 

90 

105 

120 

135 

150 

165 


61*31 

61*66 

62*20 

62-82 

62 56 

6*2*76 

61-82 

61-87 

60*47 

59*42 

60*28 

60*54 


58 75 
68*29 
62-85 
58*61 
52*40 
62-86 
62-80 
68 11 
58-43 
58*60 
6801 
53*46 


40-88 
41*24 
41*73 
41*81 
40-66 
41*84 
4154 
40-42 
89-97 
4046 
4014 
89 72 


51*98 
52*06 
52*26 
52*58 
51*87 
52*15 
52*05 
51-68 
51-29 
51 16 
51-18 
51*24 


180 
195 
210 
225 
240 
255 
270 
285 
800 
815 
830 
845 


5881 

59*89 

59*86 

58*88 

69-66 

60 85 

60*50 

60 89 

61*64 

61*80 

62 14 

62*16 


58 91 

6864 

63-67 

62 91 

62-80 

62*92 

58*48 

58-81 

52 82 

68-10 

6845 

62 97 


40 86 
40 27 
40-70 
40-74 
8979 
40*70 
4065 
41*10 
41*41 
41*84 
42 89 
4185 


51*19 
61*10 
61*20 
60-85 
50*75 
61-82 
61-51 
51*94 
51*96 
52 08 
62*66 
62*82 



* The first decimal figures are placed, for coavenience, in an upper line. 

* Tlie value of one 8cale divisiou is -00019 of iho hoiisoutal force, in 1844 and 
1845, an<l -00021 in 1846. 
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Table I is compiled from Maj. Gen. Sabine's Tables 88, 87, 
60, 51, 52, 53 {St. Helena Observations, ii). It is especially in* 
tercsting as showing the influence of the opposition of attrac- 
tion to rotation in producing low solar tides at 10 or 11 P. M., 
the prompt and direct influence of the sun upon the aethercal 
currents in the production of a high tide at noon, the double 
maxima and minima in each of the lunar tides, the additional 
confirmation of the analogies that I have heretofore pointed out 
between the spheroids of attraction and rotation, the oppositiou 
of the solur and tlie resemblance of the lunar zenith and nadir 
effects, and the evidence in the partial "establishment" of the 
moon's tides that most of her magnetic influence is exerted indi- 
rectly on the aether, through the intervention of atmospheric at- 
traction-currents. 

Tables II and III were formed by taking the mean of the 
hourly avernges, on the twenty-four days in each lunar month 
which are most nearly indicated by the angular positions given 
in the first column. Each of the tabular numbers for 1844 and 
1845 represents the average of two hundred and eighty-eight 
hourly observations; each of the numbers for 1846, the aver- 
age of two hundred and sixty-four observations, with the few 
exceptions of holidays and other omitted days, for which the 
missing numbers were interpolated. Table II indicates a tend* 
ency to mean lunar influence between 90° and 105**, and be- 
tween 270° and 285°, the influence increasing when the moon 
acts either in conjunction with the sun, or directly upon con- 

' Tablr III. 

Lunar- Monthhf Magnetic l^tde of Vertical Force, 



Moon*« 
PotiUon. 

o 


Meat) Daily PluctiMtinni of Vertical 
Force at St Mulena.« 


Mmtn'4 
Position. 

o 


Mean D:iMy FluRluatinnii of Veitieal 
Force nt ^t. Helena. 


1844. 


1845. 


1846. 


1844-6 
Average. 


1844. 

4706 
4796 
48 14 
47-49 
48-40 
48 16 
48-00 
4793 
48 06 
4817 
48-49 
48-18 


1846. 


1846. 

4654 
46-29 
46-88 
46 89 
4532 
44 64 
4454 
44 61 
44-91 
44 95 
43-78 
43 99 


lci44-4i. 
Aver«{a. 




15 

80 

45 

60 

75 

90 

105 

120 

335 

150 

165 


48-42 
48-21 
4788 
4733 
47 46 
47-62 
47-65 
47 62 
47-53 
47-76 
47-65 
47-52 


48 51 
48 55 
48 53 
48-25 
48-47 
47-88 
4743 
46-92 
47-42 
47 40 
47 50 
47-70 


43-56 
48 90 
44 55 
43-96 
43-69 
44-22 
4477 
45-31 
46 65 
47-30 
47-23 
47-02 


46-88 
46-89 
46-80 
46-51 
46-54 
46-57 
4662 
46-62 
46-87 
47-49 
47-43 
47-41 


180 
195 
210 
225 
240 
255 
270 
285 
800 
815 
830 
845 


47-77 
4802 
48-26 
48-26 
48-60 

48-52 
4808 
47-70 

48-26 
4856 

47-91 
47-44 


4712 
47-42 
47-43 
47-88 
47-44 
47- 11 
46-87 
4»1'76 
47-08 
47-23 
46-78 
40-54 



densed air and vice versd. It also shows the existence of disturb- 
ances, which may be accounted for by some of the causes to 
which I have already referred. Table III exhibits apparent 
tendencies to diminution of force near the syzygies, and to in- 
crease of force a day or two after the quadratures. 

' The Talae of one scale dividon carles from *0QQ5V to K^OQQl of the Terticalfmti. 
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Table lY is a compendium of the tidal differences in the 
two preceding tables. It shows the effect of temperature in 
producing maxima and minima when the coolest and warm- 
est portions of the earth are submitted to the direct action 
of toe moon (at or near 240® and 45°), low temperature 
producing a minimum of horizontal force, with a maximum 
of vertical force, and vice vej-sd. From the variations of hori- 
zontal force i'Y') and vertical force (-y*) given in this table, 

— J being 

Tabli IV. 
Zunar-Mtmthly Magnttie 7%de. Differeneei from Monthly Meant. 



Moo 'ft 

pMitioo. 

o 


HorisonUl Force. 


Vertical Force. 


Meani. 


1844. 


1846. 


1846. 


1844. 


1846. 


1846. 
-166 


H. F. 


V. P. 





+ -88 


+•54 


- -02 


+•59 


+ •SI 


+•80 


-16 


15 


+ 78 


+ 08 


+ -34 


+•88 


+ -65 


-122 


+•38 


-10 


80 


+V27 


-•86 


+ ^88 


-60 


+ '5Z 


- ^57 


+•58 


-19 


45 


+1-89 


+•40 


+ -91 


-60 


+ ^26 


-116 


+•90 


-48 


60 


+168 


-81 


- -24 


-88 


+ ^47 


-1-48 


+•19 


-•45 


75 


+1-88 


-85 


+ -44 


-21 


- 12 


- 90 


+•47 


-•42 


90 


+ -89 


-•41 


+ -64 


-•18 


- -57 


- -35 


+ 87 


-•37 


105 


+ -44 


-10 


- -48 


-21 


-108 


+ 19 


-05 


-•37 


120 


- -46 


+•22 


- -98 


-•80 


- ^68 


+ -63 


-•39 


-12 


185 


-1-61 


+ 89 


- 44 


-07 


- -60 


+M8 


-•62 


+•60 


150 


- -70 


-20 


- -76 


-28 


- •SO 


+2-11 


-•65 


+•44 


165 


- -89 


+ 25 


-1-18 


-81 


- •8(1 


+190 


-44 


+•42 


180 


-212 


+ 70 


- -04 


-77 


- -23 


+1-42 


-•49 


+ 13 


195 


-1-64 


+•48 


- 68 


+•18 


+ ^02 


+117 


-•68 


+•48 


210 


-1-68 


+•86 


- -20 


+•81 


+ ^26 


+ ^76 


-•48 


+•44 


225 


-206 


-80 


- 16 


-84 


+ ^26 


+ 127 


-•88 


+•39 


240 


-127 


-•41 


-Ml 


+ 57 


+ -60 


+ ^20 


-93 


+•45 


255 


- -68 


-29 


- '20 


+ 88 


+ 52 


- 48 


-•86 


+ 12 


270 


- -48 


+•22 


- -25 


+•17 


+ •OS 


- -68 


-•17 


-12 


285 


- 04 


+•60 


+ ^20 


+•10 


- 30 


- -61 


+ 26 


-•24 


800 


+ -71 


-•89 


+ -51 


+•28 


+ •26 


- -21 


+ 28 


+ 09 


815 


+ ^87 


-11 


+ -44 


+ 84 


+ -56 


- •n 


+•40 


+•24 


830 


+1-21 


+•24 


+149 


+ 66 


- 09 


-1-34 


+ 98 


-•26 


845 


+1-28 


-•24 


+ 95 


+•85 


- *56 


-118 


+ 64 


-45 



Art* aY AV ' 

obtained by the formula — =cos^ 0--^+sin^ 0-^. I have 
•^ 9 X Y 

taken ^= —22® ; one scale division of horizontal force = '000194 ; 
one division of vertical force ='000792 ; which are almost iden- 
tical >vith the values employed by Gen. Sabine in the computa- 
tion of his tables of hourly variation in solar and lunar total 
force. 

In a similar manner I have computed Table VI, showing the 

average hourly variations, both in solar and lunar total force, in 

each of the three years which have furnished the data for most 

of my deductions. The first decimal figures are placed in an 

Am. Joub. aoi.-«-SBooxi» Sbbiss, Vol. XXXIX , No. 116.— Mjlrch^ "^^i^ 
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upper line, as in Table I. Perhaps the principal ntility of tbis 
table may be found in some future extension of these investiga* 
tions, but even now it is interesting, inasmuch as it exhibits tha 
probable influence of periodic causes in shifting the hours of ihe 
daily mnxima and minima, and as it lends added weight to ibe 
preceding tables, by showing that the monthly tide is more reg> 
ular than the daily tide. 

Tabu V. 
Lunar-Monthly Magnetic Tide of Total Force, 



Moon'i 
Position. 

o 


Mean Daily Flucluattons at St. Helena, ] 




in iNirtii of Total Force. 




1844. 


1845. 


1846. 


]ti41-46. 
Average. 





+•00018 


+ 00015 


-00018 


+ 001)03 


16 


+ 00017 


+•00007 


-•00008 


+•00006 


SO 


+•00016 


•00000 


+ 00007 


+ 00008 


45 


+ 00018 


+•00009 


+ 00002 


+ 00010 


60 


+ 00023 


-•00008 


-•00020 


-00002 


75 


+ 00028 


-•00015 


-00008 


+-f»0008 


90 


+•00013 . 


-0001 S 


+•00007 


+ 00002 


105 


+ 00005 


-•00014 


-00006 


-00006 


120 


-0001 1 


-00008 


-OOOIO 


-00008 


186 


-•000-26 


•ooooo 


+ 00017 


-00008 


150 


-00015 


-00009 


+•00011 


-•00004 


166 


-00010 


+ 00001 


+•00001 


-00008 


180 


—00044 


+ 00009 


+ 00016 


-•00007 


195 


-00024 


+ 00007 


+ 00008 


-•00006 


210 


-01023 


+•00009 


+•00006 


-00003 


2>5 


-000S8 


-•0(J002 


+•00012 


-•000«»9 


240 


-00015 


•OOOOO 


-00016 


-00010 


255 


-00006 


+ 00001 


-•00009 


—00006 


270 


-00005 


+ 00005 


-•00011 


-•00004 


285 


•00000 


+•00007 


-00002 


+ 00002 


800 


+•00014 


-•00004 


+ 00006 


+•00006 


815 


+ 00018 


+ 0f»004 


+ 00006 


+ 00009 


830 


+•00027 


+ 00008 


+ 00010 


+ 00018 


845 


+ 00024 


-00010 


+ 00003 


+•00006 



It seems not improbable that the mutual planetiiry perturba- 
tions which are sufficiently powerful to aflfect their orbital revo- 
lution, may also exert an appreciable influence on their aethereal 
spheroids, and that numerous cyclical magnetic variations may 
be thus produced. The disturbance of Jupiter is by far more 
important than that of any other planet, its mean attractive en- 
ergy being nearly a third proportional to those of the sun and 
moon/ The annual fluctuations are very great, the intensity 
being about jfj when Jupiter is nearest the earth, and less than 
half as great, or only about ,Jiy, when most remote. The con> , 
bined operation of the tropical revolutions of Jupiter, the moon's 
apsides, and the moon's nodes, should produce a series of dis- 
turbances corresponding very nearly in duration with General 



^ If -we take as our unit the moou's attraction for the earth —j, the sun's m 
about 177, and Jupiter's y|^. ^ 
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Sabine's magnetic " decennial period/' and Schwabe's period of 
iolar spots. 

The law of varying attraction suggests a plausible explanation 
for the approximate mean proportionality of the barometric to 
the tidal and magnetic variations. For the ratios of attraction 
of any planet when in solar conjunction, at quadrature, and in 
opposition, vary as {n + 1)^, n', and (n — 1)«, respectively, the 
attraction at the mean distance being nearly a mean proportional 
between the maximum and minimum attractions. The barome* 
trical fluctuations are occasioned by variations in the gravitation 

Tabl« VL 
Solar and Lunar-Daily Tiden of Total Force, 



Foiar 

and 

l^nar 

Hour*. 


IS44. 1 


1846. 


1846. 1 


Soiar. 


Lunar. 


Solar. 


Lunar. 


Solar. 


Lunar. 
•000 


•000 


•000 


•000 


•000 


•00 

+066" 

+104 

+097 

+076 

+054 

+031 

+008 

-014 

-026 

-036 

-043 

-047 

-063 

-048 

-040 

-038 

-043 

-041 

-042 

-041 

-027 

-008 

+029 

+063 


U 
1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 


+88 
+83 
+67 
+49 
+28 
+15 
+02 
-U 
-22 
-81 
-35 
-37 
-87 
-88 
-39 
-32 
-30 
-29 
-22 
-24 
-16 
+07 
+88 
+64 


+009 
+011 
-U05 
J004 
-024 
-032 
-027 
-016 
-006 
+001 
+008 
+029 
+017 
+021 
+045 
+021 
+001 
-004 
-012 
-006 
-014 
+017 
+022 
+016 


+88 
+ 97 
+85 
+63 
+41 
+20 
+02 
-11 
-24 
-85 
-89 
-46 
-48 
-48 
-44 
-42 
-39 
-39 
-87 
-86 
-24 
+08 
+82 
+63 


-009 
-014 
-016 
-008 
-012 
-001 
+002 
+010 
+003 
+034 
+041 
+081 
+021 
+012 
+012 
+006 
+006 
+006 
-008 
-016 
-008 
-006 
-002 
-008 


+004 
+015 
-004 
+018 
+017 
+024 
+028 
+022 
+022 
+022 
+024 
+021 
+008 
+011 
-001 
-029 
-038 
-027 
-020 
-0J9 

-on 

-021 
-008 
-010 



rf theair toward the earth's center, — the tidal motions, by the 
influence of distant lieavenly bodies, — and the magnetic, accord- 
ing to my hypothesis, by the osoillations of theair and aether in 
their efforts to restore the unsettled equilibrium. The three dis- 
tarbances, therefore, must evidently have nearly the same mutual 
relations as if they were producecl by three forces, one centripe- 
tal, and the other two centrifugal, the two latter being nearly 
equal in amount but diametrically opposed in direction. This 
leads us at once, theoretically, to the general formula with which 
we started empirically, 

A:B::B:M, 

and strengthens the conviction that there are none of the phe* 
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nomena of terrestrial magnetism which cannot be explained, 
either by the instantaneously received and instantaneously trans- 
mitted impressions which are made directly upon the sether by 
attraction, heat, or rotation, — by the more sluggish oscillations 
of the air, which originate from the same sources, — or by the 
combination of the two. 

Every particle is exposed to the influence of these several im« 
pressions, the tidal waves of the solid earth having a range, 
according to Prof. Thomson's calculations {Phil. 2J-aw5., cliii, 
574), at least two-fifths as great as if the globe were entirely 
fluid. There is, therefore, good reason to hope, that by the ap- 
plication of mechanical laws to the several phases of the sethereal 
undulations which produce the phenomena of light, heat, eleo* 
tricity, polarity, aggregation, and diffusion, we may obtain a 
clearer understanding, not only of all the meteorological changes, 
but also of seismic tremors, crystallization,* stratification, chem- 
ical action, and general morphology. 

If density is a functional product of superficial magnetism 
and central attraction, the resemblance of the formula B=: x/a&, 
to the expression of Mr. Graham's experimental law of molecu- 
lar diffusion, Time=F^/ Density {Proc. lioy, Soc.j No. 66, p. 616-7)^ 
and to the general theoretical formula of which Mr. Graham's is 
A oorollary. 

Velocity = F ]p^ 

may be something more than accidental. 

If wl5 assume the atmospheric density as our unit, D'=l, and 
represent the aerial and aethereal elasticities by E', E'', respect- 
ively, the proportion 



i : 192.000 : : J^; : Jg: 



gives an approximate value for the density of the kinetic sether, 
D"= -00000000000108^77- The magnetic and barometric floe- 
tuations may perhaps furnish the necessary data for determining 
the unknown ratio =^,. 

* The phospliorescence that is orten observed during the process of erjstallia- 
tion, and the auroral diitplays in frosty air, are perhaps owing to anale^ous vibtft* 
tions. Every chemical, as well as every physicat action produces a ponderable dii* 
turbatice of equiUbrium, which must give rise to ethereal oscillations, to which, fa 
their simplest form, we give the name of electric, magnetic, or galvanic curreota 
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Art. XVI. — On the construction of the Spectroscope; by Lewis 

M. EUTHERFURD. 

I KNOW of no good substitute for bisulphid of carbon as the 
dispersive agent in the spectroscope. Flint glasfs, besides being 
expensive, when in large masses and of good quality, possesses 
but half the dispersive power, and the specimens of the denser 
plass which I have seen tarnish so rapidly, and have so high an 
index of refraction as to be practically useless. Having devoted 
much time to the construction and management of bisulphid of 
carbon prisms, it is quite possible that the results of my experi* 
ence may be useful to those who may wish to lit up a spectro^^ 
scope with such prisms, and perhaps! shall best attain the object 
by describing my own instrument. 

The two principal telescopes are provided with objectives of 
1*6 inches aperture and 19 inches focal length. The slit or col- 
lecting telescope has but one motion about a vertical axis at the 
side of the platform and just in front of the objective, enabling 
it to command all parts of the platform. The observing tele- 
scope has two motions, one about the central axis of the instru- 
ment, and the other about a second vertical axis, which by means 
of a slide, capable of being clamped, can be placed under the last 
surface of any prism on the platform ; thus commanding by 
one motion the whole spectrum. 

Before the slit is a prism for the comparison of different spec- 
tra, and the observing telescope is provided with eye-pieces of 
various powers. The first circuit consists of six prisms which 
are of brass faced with plates of glass, cemented with glue and 
molasses. These are each of about the angle of 60° and present 
an aperture of 2*9x1 8 inches. The faces to receive the glass 
are carefully ground to a flat surface and the glass quite thick 
and free from veins has been selected with reference to the flat* 
Bess and parallelism of the sides. 

Since however it is scarcely possible to find glass with paral- 
lel surfaces, care has been taken so to place the glass that the 
inclination of its faces is perpendicular to the axis of the prism. 
After grinding the prisms, the bases were so adjusted by filing 
that the refracting surfaces are rigidly perpendicular to the 
plane of the platform. This once done removes all necessity 
ibr foot screws, which complicate the prisms and add to the ex- 
pense. The surface to be glazed was washed with an alkaline 
solution to remove all grease, and then in dilute nitric acid, final- 
ly washed in pure water and allowed to dry spontaneously. 
After being warmed, the prisms were so placed that the surface 
to be glazed was uppermost and in a horizontal position : the 
glass, having been cleaned, after the manner of a plate for photo- 
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graphic purposes, also warmed and both surfaces to be in con- 
tact dusted with a fine camel's liair brush, was placed in position 
upon the prism, a hot and fluid mixture of glue and molasses 
was then applied with a line brush around the edges of the 
gloss, whereupon a uniform and very thin film of the cement 
was introduced between the glass and the prism by capilariij. 
The prism was left untouched, until the cement had hardened 
so as to admit of its being removed and plactjd glass downward, 
for at least a day, when the next surface was treated in like 
manner. After the expiration of another day, I generally put 
on another coat of cement., much thicker in consistency than the 
first. In five days more the prism was ready to be filled through 
an orifice in the top, to which is fitted a ground stopper which is 
rendered perfectly tight by a little molasses. It may be thought 
that my description is needlessly |)articular, but I have mentioned 
nothing which experience has not shewn to be necessary to the 
permanence or performance of the prism. 

I soon discovered that, after I had made a good prism, its per- 
formance would be uncertain, and I finally traced the difliculty 
to a want of equal density in the bisulphid of carbon, and this 
peculiarity I have observed not only in the fluid of commerce, 
out quite as much so in that specially redistilled for the purpose. 
The fact of this unevenness of density is found in two ways. If 
a good prism which, wilh a high power, refuses to define the 
soda line, (a more stringent test than solar lines,) is violently sha- 
ken and then placed in position, it will for a few minutes cleline 
beautifully, but gradually settle into its former condition. By 
covering the aperture of the prism, except a small portion of the 
upper part, and bisecting the soda line with a spider's web in the 
eye-piece, all parts of the instrument being clamped, then cover- 
ing all but the lower portion of the prism, it will be found that 
the soda line has been carried to a notable extent toward the 
violet end of the spectrum. 

This want of homogeneity in the bisulphid of carbon is entirely 
different from the disturbance of density by thermal variations. 
It is a permanent feature of some specimens of the fluid, and is 
most observable when the prism has been longest at rest in 
equable temperature. I have one such prism, filled nearly two 
years since, which defines beautifully for a short time after being 
well shaken, but soon returns to a poor condition. The diffe^ 
ence between the indices of refraction of the upper and lower 
strata is quite a measurable quantity. My mode of overcoming 
this obstacle is to filter several pound bottles of the bisulphid of 
-carbon into a long glass jar, having a faucet at the bottom and a 
ground stopper at the top. Afler remaining undisturbed two 
days, the liquid arranges itself according to its density, and I 
SlW the prisms from the faucet^ being careful not to shake the jar. 
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Careful and repeated measures give for the index of refrnctioo 
of the soda line with the priHin fir»t Ullcd from ihe bottom, 
1*62376, and with the ninth prism, filled willi tlie fluid near the 
upper portion of the jar, 1-62187. 

in order to obtain fine definition, it is necessary that the prisma 
should be placed at the angle of least deviation for tlie ray under 
observation. To make tiie adjustment with several prisms, or to 
change it when made, is so laborious and troublesome a tusk na 
almost to amount to a prohibition of the use of a powerfut bat- 
tery for practical and extended investigations. To remedy this 




«vil I have devised and execnted a mode hj which I effect the 
a^jiutment of all the prisms by one motion of a milled head. 
An inspectioa of the accompanjiag Fig. 1, wliictirei^i:«Kul&\ii« 
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system of prisms without the button, as seen from above, wH 
shew the manner in which this adjustment is accomplished. IJpoii 
the glass plate which forms the platform of the instrument, and 
in the center of the system, is cemented a brass plate, in a cavitj 
of which revolves without shake a pinion provided at the top 
with a milled head, as 
seen in figure 2. The 
prisms are all hinged to- 
gether at the corners; 
and from the back of 
each projects at right 
angles a brass bar pro- 
vided with a slot, which, 
embracing the revolving standard accurately, retains each prism 
in such a position that, whether nearer or more distant from the 
center, its back is always perpendicular to the radius connecting 
it with the center of the standard. The slot of the third prism 
is provided with teeth which gear into the pinion, so that by 
turning the milled head this prism is forced to approach or de- 
part from the center: but, from the construction, this cannot take 
place without imparting a similar motion to each of the other 
prism-s and thus, at will, their backs are made tangents to a lar- 
ger or smaller circle, which is the adjustment sought 

This mechanism is capable of adjusting six, or any smaller 
number, of equi-angled prisms. The outer spiral, when more 
than six are used, must be adjusted by hand. 

New York, Dec. 10, 1864. 



Art. XVII. — ContribiUions from Hie Sheffield Lahoralory of Yak 
CAkge. No. VIII. — On crystallized Diopside as a furnace prO' 
duct; by Geoege J. Brush. 

Some itionths since, Mr. Joseph C. Kent, Director of the Cooper 
Iron Works at Philipsburg, New Jersey, sent to me an exceed* 
ingly beautiful crystallized furnace product, which he had ob- 
served in one of his furnaces. It consisted of a group of color- 
less to grayish-white prismatic crystals, associated with a grayish 
vitreous mass of the same substance, intermingled with frag- 
ments of anthracite and traces of graphite and metallic iron. 
Many of the isolated crystals were transparent and colorless^ 
while others were grayish white and transculent ; some of the 
larger ones were over half an inch in length by one sixteenth 
of an inch in diameter. Mr. John M. Blake has determined them 
to have the form of rhombic prisms with brilliant reflecting 
surfaces. He obtained for the acute angle, in four measurements, 
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with the reflecting goniometer, 86° 50', 86° 52', 87°, and 87° 12', 
The prism was truncated at each of its obtuse angles by a plane 
of nearly the same width as the planes of the rhombic prism. 
The terminal planes were observed on only a few of the smaller 
crystals, and as they were microscopic were not measured. 
There is a tendency to cleave apparently in the direction of the 
rhombic prism, but no reflected image could be obtained from 
the more or less conchoidal surfaces thus produced. 

The hardness of the crystals was about 5*5, and the specific 
gravity was found to be 3*16 (determined on 138 milligrams of 
substance). Lustre, vitreous and brilliant. Before the blowpipe 
in the forceps the substance fuses easily with intumescence to a 
colorless glass, giving at the same time an intense soda flame. 

It is partially attacked by chlorhydric acid, emitting the odor 
of sulphurptted hydrogen ; and entirely decomposed by fusion 
with carbonate of soda. Analyses made by Mr. Peter Collier, 
assistant in this Laboratory, gave the following results : 

Oxygen. 

;«:«1} 28-95 
6-761 
6 98 I u-67 

•24 
•66 j 

100-42 

Analysis I and II were made by fusion with carbonate of 
soda, with addition of nitre to oxydize the sulphur to sulphuric 
acid. The alkalies (III) were determined by Smith's method. 
The small amount of sulphilr was calculated as sulphid of cal- 
cium. The oxygen ratio of the mean shows the relation of the 
f)rotoxyd bases tb that of the silica and aluminji, considering the 
atter to replace silica, to be 14-57 to 28*95 or 1 : 2, giving the 
formula ft» (*l,Si)«. This is the composition of aluminous diop- 
side, and corresponds very nearly with that described by Hunt 
from Baihurst, in Canada.* The crystalline form, as determined 
by the observations and measurements of Mr. Blake, shows 
further its relation to pyroxene, and, taken with the chemical 
composition, leaves no aoubt as to the identity of the crystals 
with the diopside variety of that mineral. Diopside has been 
previously observed as a furnace product by v. Kobell,' and 
Hausmann,* from iron furnaces at Jenbach, near Schwatz, in 
the Tyrol, and at Gammelbo in Sweden. 

' Kept of Geol. Canada, 1868, p. 467. ' Miinchener gelebrte Anzcigen, xiz, 97 
' Liebig & Kopp, Jahresbericht. 1851, 767. 
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In regard to the occurrence and formation of this interesting 
product, Mr. Kent has kindly communicated to me the follow* 
ing facts: '* I had one of our large furnaces (21 feet diameter 
and 55 feet high) in blast for over three years. At the end of 
the third year the fire brick under the flues commenced burning 
away, but, unwilling to put the furnace out when it was working 
well below, I kept on for some weeks, and then took off the 
blast without * blowing out,' — ^as by * blowing out ' the top of 
the furnace would have been damaged. I then drew the stock 
out from below, and when the greater part of it had been with- 
drawn, threw water in to cool the interior and quench the fire. 
This, of course, left a solid mass in the hearth and exactly in 
the centre of the furnace, just above the tuyeres, say three and 
a half feet from the bottom, I found a mass of these crystals 
clustered within a space of about four cubic feet. I did notfind 
them in any other part of the furnace, and had never before seen 
or found anything like them." 

New Haven, Dec. 9, 1864. 



Art. XVIII. — Introduction to the Mathematical Principles of the 
Nebular Theory, or Planetohgy ; by GusTAVUS HiNBlCHS, Pro- 
fessor of Physics and Chemistry, Iowa State University. 

(Continued from p. 58.) 
^ 8. The condition of the primitive Nebula, 

Whatever may be the distribution of matter in the nebula, 
and however the particles may move, the beautiful theorem— 
the magna charta of the nebular theory — obti\ins, i. e. the nebula 
possesses the invariable plane of maximum areas, or if w represents 
the angular velocity, r the projection on the invariable plane of 
the radius vector drawn out from the center of gravity, m the 
mass, and A the projection of the area swept over by r in the 
unit of time, we have, C being a constant, 

-2'mA=C; .... (6) 

or, as the centrifugal force y of the particle m with respect to the 
principal axis is 

yzzw^r (6) 

while, at least for a very small unit of time, 

A = ^r2, .... (7) 

we have also JS mr^ y^z=:20. . . ■. (8) 

On account of the resistance of the ether, C will not be qaite 
constant, but decrease in time ; still it is apparent that, as a first 
approximation, we may neglect this resistance by considering C 
strictly constant. 
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Now, by the mutual attraction of the particles, the nebula is 
continually becoming more dense, orris continually decreasing; 
henee, by (8), the centrifugal force of any particle in Vie nebula is 
eontinually increasing. 

But the force of gravity at the surface is likewise constantly 
increasing; for we may without materially erring conceive the 
mafis below the particle to remain constant, but then gravity is 
inversely as the square of the radius, or rapidly tna'easing with 
the progress of condensation. 

But these two forces detei^mine the figure ofiJxe Nebula, However 
irregular the figure may be at first, we see that the moulding 
forces, by constantly fncreasing, will at length shape the nebula 
accordingly. From Plateau^s Experiments (sec above, § 6, re- 
sult 1, 2) wc know this shape to oe a flat ellipsoid. La|)lace* 
has demonstrated that but one single oblate ellipsoid of revolution 
will be produced by these forces, i. e. 

2;'2+m(ar2 + y2)=:a2, ... (9) 

the plane or, y, coinciding with the invariable plane^ being the 
equator, z the axis of rotation = 2a, and 

in=z-^j=, ^z=tgd, 6mO=:e, . (10) 

e being the eccentricity of the meridian ; hence the equatorial 
semi-axis 

a = a^\/iJ^. . . . (11) 

Assuming, for a moment, the nebula to be homogeneous, we 
can determine the eccentricity by the density d, and the angular 
velocity w (j. e. by (6) proportional to the square root of iho 
centrifugal force g at a unit of distance). Laplace found, if the 
fiiass of the whole nebula be M, and its moment of inertia E, 
that 

E = T*jn^a/(l+X2)^^==5^?a2M; . . (1^) 
M = JrrJa,3(l+i2) = £^J^^^; . . (13) 

M ^ 
arc(r^ = A)==-lt_|__l-±-i_; . . (16) 

which last equation he shows to have but one single positive real 
root, so that I ov e has but one value, if </, the centrifugal force, 
and ^, the density, are given. 
But the density is certainly not constant throughout the whole 

> M^caniqua Celeste, Lir. iii, chap. HI, § 91. 
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nebula ; but as this nebula is a gaseous body, d will be deter- 
mined by Y and gravity and, just as in the case of our earth, be- 
come uniform in the succe&sive homothetic ellipsoidal shells in- 
cluded between any two successive surfaces. Hence we may 
consider ^ as a function of the equatorial axis of such surface, 
and, as the density is increasing toward the center, we may, in- 
stead of the general law 

J=:/(a), .... (16) 

take the law assumed by Laplace for the interior of our earth, 

d = A-^ca. . . . (17) 

Plana has shown* that this law is the most probable in the 
case of tlie earth. Prof. Forchhammer of Copenhagen has lately 
shown' how this law accounts for one of the principal circum- 
stances relating to the succession of geological strata. 

It must finally be borne in mind that the nebula may have the 
various elements at the same place, because the laws of diflfusion 
of gases will apply to the gaseous nebula. Thus far the chemi- 
cal analyses of meteorites and the spectral analysis of the sun, 
moon and planets have corroborated this conclusion ; still we 
must not hastily conclude that some differences may not obtain, 

' Note sur la density moyenne de T^corce superficielle de la tcrrc. AtironomiKcki 
KacJirichten, 1851, vol. xxv, Na 828. Por the density at the center of the earth, 
ho finds 16-8010. 

' Inlediiin^ til en Rsekke nf Forelresningcr Stoffernes Kredslob i Nnturen (on (he 
circulation of the elements in nature.) Nardisk Univenitets-Tidnkriftf viii, 1 
befte. Copenhflgen, 1862. p. 68-81. 

As nn instance, Forchhammer describes the circulation of Lime : first the smaller 
diurnal orbits between plants and animals and the soil ; next the greater annual d^ 
culation between land (washed by rain) and the sea; and, being here dc'posited 
in hirge strata through the agency of marine animals, th«^e are again, after long ge* 
ological periods, put into circulation, especially by the inorganic powers of nature, 
for these again lo recommence a new cycle.— Now, where did the lime at first dime 
from? Forchhammer thinks that as granitic rocks (specific gravity 27) are l(si 
dense than the dark trap-rocks, (on Bornholm, Fp. gr. up to 2 93,) they would, during 
the first period of the igneous caiih. float upon the trap; thus the first solid shell 
would be formed of granitic rocks, i. e. free from time — consequently unfit to nip- 
port life, not fossiliferous. By the next revolutions this rock was dislocated and 
oroken through by the underlying trap^rocks containing lime and iron as siiicateii; 
the atmosphere being so rich in carbonic acid and being dissolved in the then hot 
waters would decompose these silicates, and thus bring lime into circulation. Or* 
ganic life can now first commcncc'-and the first foseiliferous rocks appear. Tliii 
beautiful idea is further substantiated by the fart lliat volcanos, after a looker 
period of rest, commence their eruption with emitting tradiytic, i. e. gi-anitclikc, 
masses almost free from lime — which are later succeeded by the heavy black lavA, 
containing both lime and iron. 

The richest deposit of gypsum, the'Triassic period, is succeeded by the extraor* 
dinary limestone formation of the Jurassic period, thus giving another link in this 
dialn of inductions, for gypsum, being more soluble, will more rapidly ciitulaie, 
and thns occasion a greater deposit of limestone. 

These views of our illustrious teacher show us what patient investigation yet majr 

accomplish; we see the cause for the succession of granite and trap — see why or* 

ganic life could not commence earlier than it does— see the cause f(»r abundance of 

limestone during the Jurassic period, etc.^n the simple circumstance that graoitie 

passes, being lighter than trap, were exterior to the latter in the iguaous globe. 
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I diffusion certainly is limited by the sinking of the denser 
les. In a nebula from which a whole cluster of solar sya- 
las been formed, we may therefore expect to find consider- 
different elements. We thus decline tlie imputation of 
;rfurd that homogeneity of original diffuse matter " is almost 
3al necessity of the nebuhir hypothesis," and cannot see 
lal objection to this hypothesis, if, as he says, " we have now 
rongest evidence that they (the stars) also differ in constit- 
naterials'* (this Journal, 1863, vol. xxxv, p. 77). 
regard to tlie signification of J we must remark that, in the 
ing, we use the letter d to represent (he mean demity of the 
\ from the centre to the distance r, while in (17) ^ indicates 
insity of the shell at the very distance r. As (17) is only 
ed to serve for a comparison, this course is legitimate. 
. is ensiJy demonstrated, that, at least for a spherical nebula, 
iw (17), if true for the individual shell, will also be true for 
ean density of all shells inside of it. For, the actual den- 
arying according to (17), the mean density of the interior 
from r=0 to r is found to be 

rf=-J-c'. r, (18) 

! c'^ic. This law* is evidently the same as (17). 

§ 9. AUraclion tn the Nebula, 

the nebula now may be considered made up of homothetic 
; ellipsoidal shells, individually of constant density, and as 
low (from Mec. CeL, liv. iii, chap. I, §2,) that such a shell 
lot exert any attraction on a point within, we find the aUrac* 
I CPU/ point hi the nebula determined hy the attraction of the 
id whose surface passes through (hat point. 
s force, at the point x, y, 2, is given by the following for- 
(from Mer, 06L^ liv. iii, ch. I, §4), independent of the law 
density (17)^ and merely depending on the proved uniform- 
the density in each separate shell, 
ve put 

he components X, Y, Z, of the attraction (positive toward 
igin) are 

H'^-T^'Yk '■'■•■• <^" 

I " DensHty " in Trowbridge's nrticle (this Journal, xxxvlii, 864, 1864), is dif- 
;>ecause referring to the density at different periods of time. 



(23) 
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All of these three components net to cowcfoi^e the nebula; bat 
X and Y also deternnine the revolution of the particles, while Z 
has no such influence, all motions in the direction of the axis of 
z mutually destroyinj^ each other, because or, y is the invariable 
plane. Composing X and Y we get 

R=Q.-3 (22) 

% 

and directed toward the axis of rotation ; r^ =a:^ +y*. 
Substituting the first (13) (m = M) in (22) we obtain 

where 

'' = i¥[(«+*»)«'-c(<^=l)-l]. 

As now .« only depends on A, i. e. on the eccentricity (10) which 
is constant, the shells being homothetic, we see that /" is at any 
given moment for all parts of the nebula the same, hence: tlit 
radial force R in the nebula is proportional to the density ^ and the 
distance r from the axis of rotation. 

This simple result is of very great importance, as we shall see 
in the sequel. 

§ 10. The orbit of the Planets. 

The particles of the nebula had originally motions in all di- 
rections; but as we assumed the existence of a momentum of 
rotation (§ 6), the principle of the invariable plane will keep up 
this momentum (§8), while all motions at variance therewith will 
in time mutually destroy themselves. Therefore, all particles 
describe circles around the axis of rotation. 

Such as the orbit of the single particles that formed a planet 
will also be the orbit of the latter; hence the eccentricity and 
inclination of all planetary orbits ought to be zero. This may 
also be seen from Plateau's Experiment, and agrees well wilb 
the small ness of both the eccentricity and the inclination (see 
§1, 9° and 11°, § 3, 4^ and 5°). Still, neither of these two quan- 
tities is actually zero. Are, then, these small deviations from 
this value accounted for by some accessory conditions of the 
problem ? 

We think so, for there are two modifying circumstances, the 
/rapture oj the ring — which it is beyond our power as yet to take 
linto consideration — and the perturbating influence of already 
■separated masses. The latter we may estimate. Representing 
the eccentricity by e, the inclination of the orbit to the ecliptic 
by 7, to the invariable plane by I, we have from observation 
[ffurnboldl^s Cosmos] :* 

* Tlic numbers in the last column of the following table are not quite exacts 
Eds. Jous. So;. 
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e, t. I. 

Mercury, • - . 
Venus, 

Earth, ... 

Mars, - - - . 
Asteroids,* - - . 
Jupiter, - - - . 
Saturn, - - . 
Uranus, - - - - 
Neptune, . - - 
Invar, plane. 

We see how clearly the principal members of the system 
we in oneplune^ and that this plane is the invariable plane of 
e system ; the great phmets deviate less than one degree, the 
incipal of the interior planets, Earth and Venus, only If de- 
ees — and even the inclination of the smallest planet, Mercury, 
lounts to but 5^ degrees! So also in relation to the eccen* 
city, this being less than one-twentieth for the principal bodies. 
As to the deviations, we see that Neptune, which if not the 
DSt distant planet, certainly is (or was) separated from the next 
' a ver}' large distance, so that if either could not at all, or but 
ghtly, be disturbed, has indeed the smallest inclination (only 
minutes!) and about ihe smallest eccentricity (less than one-* 
mdredth I). Jupiter, which, on account of its enormous mass, 
uld not be much disturbed by other bodies, has an inclination 
only 13 minutes, while Saturn and Uranus have — correspond- 
g to their smaller mass — about four times as considerable an 
elination (48 and 55 minutes). The eccentricities of these 
ree orbits are about equal ; perhaps that of Jupiter is near its 
aximum, or the eccentricity of Saturn and Uranus near their 
inimum. 

The inclination of the Earth and Venus is greater than that of 
e exterior planets, for the mass of the former is small as com- 
ired to that of the latter ; but as Venus and the Earth are the 
•eat planets among the interior, we see that the inclination and 
jcentricity of Mercury's orbit are much more considerable than 
ther, and that Mars has less inclination and eccentricity than 
Mercury. Is it because Jupiter, the only planet that would exert 
msiderable perturbation on its development, was so far distant? 
The orbit of the asteroids is explained in § 5, V.* We gave 
rtblicity to these views in an address delivered before the phys- 
lal section, at the meeting of the Scandinavian philosophers, 
uly, 1860. 

* Mean of the first 72 Aiteroids^ elements given in Table of Smithsonian Report, 
361, p. 218-219. 

* We intended in this place to give a fuller account of our viewA concerning the 
bTelopment of the asteroids ; but learning from a letter of Mr. Trowbridge that 
le continuation of his article will contain a solution of this problem, I abstain for 
le present from publishing my details. 
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The same principles will apply to the satellites ; but we hafe 
too few data to maKe a comparison of this principle with obaer* 
vation profitable. 

§ 11. The periodic time of the Planets; Kepler's third law. 

Since every particle in the same shell revolves around the axis 
under the influence of a force B proportional to the distance r 
from the axis (§ 9), we know from mechanics that the periodic 
time T of sach a particle is 

where, it will be remembered (23), A* is the same for the whole 
nebula, and ^ constant for the same shell, so that the time, of iw* ' 
ohUion is the same for all particles of the same homoUieiic shelly but 
for tlie different shells inversely proportional to Uie square root ofUte 
density. Thus every shell rotates as if it were solid ; and if the 
whole nebula had the same density throughout it would rotate 
like one solid. But if the density be differentia different parls^ 
some shells will rotate faster than others (§ 12). 
Eliminating ^ by means of (13) we get 






(25) 



3 Vl+ia (l+A2)tan-U-A 

Wc know that the ellipticity of the nebula is determined by 
the centrifugal force, and the latter by the state of condensa* 
tion (§8); and even in case an ellipsoid becomes impossible, we 
can not but conclude that the figure continues to be determined 
in the same manner. But the condensation continues — the in- 
crease of the centrifugal force depending thereon will also con* 
tinue and produce a series of rings in a certain succession, just 
as one ring was formed in the experiments of Plateau (§ 7). We 
see now how the continued increase of the condensation occa- 
sions a periodical change in the figure of the nebula. Granting 
the variation of the figure beyond the possible ellipsoid to be 
determined by the same circumstances as the ellipsoid itself, we 
may compare the corresponding stages of the nebula by referring 
to the same ellipticity e or the same i"' in (25) ; at any rate, we 
know that this can be done if we only compare the nebulae, when 
within the limits of the possible ellipsoid. But then m' will be 
the same for all rings, and as the mass of the planets is but veij 
small as compared to that of the sun, M remains aZ/Tio^^ constant 
Then (25) becomes 

-^ = constant ; (26) 



a< 
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squares of the times of rotation of the different rings are as the 
f their radii, 

ve remember that the possible ellipsoids reach to a propor- 
f 1 to about 3 between polar and equatorial diameters of 
ibula, we can be sure that this covers the principal part of 
letamorphosis ; hence, (26) is rigorously proved for the 
st part of the condensation intervening iJetween the forma- 
f two successive rings; the nebula acquires its principal 
sions while changing in accordance with the ellipsoidio 
, and when abandoning this it quickly passes to. the form 
lightly oblate spheroid and a ring. The interruption in 
rictly mathematical demonstration cannot, therefore, seri- 
interfere with (26). But then this or Kepler^s third law is 
iquence of the nebular hypothesis^ or the observations embodied 
law sustain equally the nebular hypothesis and gravitation. 
iin, inductively, we may conclude from Kepler's third law 
le interruption in our analytical deductions occasioned by 
norance of the exact mechanical laws of the metamorpho- 
the ellipsoid into the globe ring (we might in reference to 
1 find the expression Kronionform convenient) is not of 
s consequences. 

IS we may at least conclude from the third of Kepler's 
laws that the development of the planets was periodical ; 
is law being a fact, and (25) being rigorously true, we must 

-| = constant; (2V) 

3 remarked before, M remains essentially constant, hence 
irhat is the same \ i. e. the ellipticity e of the nebula cor- 
iding to the different planets, must have been the same at 
ponding epochs, just as we assumed above. 
if the metamorphosis of the nebula has been periodic, and 
Bultaneojjs, we must ascertain whether the successive inter- 
'time were equal or not. We shall find that they were equal^ 
\ it would be the most natural or the simplest to assume. 

§ 12. Spiral Nebulas. 

he preceding paragraph we considered the density of the 
I sensibly equal throughout, so that the nebula always ro- 
like a solid, all particles having sensibly the same period 
olution. This might be done, because the dimensions of 
lebiila — however immense in reality — are not sufficiently 
to produce a very large change in ^ (17) in the space al- 
to each planet. 

. there may be bodies of dimensions so vast as to render it 
r impossible to consider the density approximatively uni, 

OUR. Sci.— Secottd Seriks, Vol. XXXIXf No. 116.~Makch^ IM^ 
19 
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form throughout the nebulous mass. Then the nebula will nd 
rotate like a solid, but the angular velocity « of any particle 

will be **=¥' ^^®^ 

or, by (24), a»= V^iA (29) 

As i" (23) is constant for the whole nebula, we see that ihe an- 
gular velocity is proportional to the square root of the density, or, 
according to (17), greatest near the center of the nebula. 

If 6 be the angle of position of those particles which are 
originally (i. e. when <=r 0) in one and the same straight line, we 
have at the time ^ 

6=z(ai, (30) 

or by (29) 

6^ = fA.3.t^, (31) 

Bemembering that the density is a function of the distance 
(16) and also of the time on account of the progressing conden- 
sation, we see that (31) may be written, 

0^ =z fit^f{a, t) (32) 

At any given moment of time (t constant), all the particles 
that originally were situated in the same straight line given by 

^=0 (33) 

will now form the curve 

6^ = q> (a), 

i. e. a spiral This contains the fundamental principles of a me- 
chanical theory of the spiral nebulce. 

Substituting Laplace's law of the density (17) in (31) or (32), 
we obtain as the equation of the spiral 

wherein a = |M.a.<* depends upon the ellipticity (ft), the densitji 
A at the center, and the time t, whilst = ca«^^ depends upon the 
same i^ and t and the rate of variation of the density. We see that 
these spires are limited, for 0<6<a; and that the sweep o of 
the spire increases with the age of the nebula, the density at its 
center, and the ellipticity. 

In order that such spiral structure may become apparent in a 
regular ellipsoidal nebula, the brightness must originally tave 
been diflferent in diflferent meridians, though the density was 
constant in the same shell, i. e. the same in all meridians. Thus, 
if the brightness in the nebula was originally greatest in the op- 
posite meridians AC and BC, (Fig. 1.) and it rotates in the m- 
rection of the arrow around the axis C, the spiral nehuhj (fig. 
%) would result As the age increases, the sweep, or the angb 
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BCEj= a, would increase, whilst A and B remain nearly at the 
same distance from C : so that aa annular nebula with a central 
core might in time result from a spiral nebula; even several 
concentric rings might be formed. 





We eannot suppose any nebula to have different brightness in 
parts of the same density ; »s.A neither is it reasonable to assume 
such vast masses to be already shaped to a regular ellipsoid by 

^he influence of the central forces (see 7). 

It is much more reasonable to think that the nebulous masses 
at first were of any shape — such as might result from a predom- 
inating attraction of those portions where the heaviest elements 
were formed or collected in greater abundance. Then the for- 
mulas deduced in the preceding paragraphs, though no longer 
representing the exact oonditions of the nebula, still would con- 
tinue to be approximate; tlie angular velocity would still be 
greatest near the central parts, as can also easily be shown di- 
rectly, by considering the motion of each particle as subject to ' 
the attractions of all the others. Then the particles originally in 
8 straight line would still in time form a spiral. 

So we see that a nebula originally in the shape of a light rec- 
tilinear cloud with a condensation near the middle, like the part 
AB in fig. 1, would afler some time exhibit a spiral like the dark 

Spart in fig. 2. The nebula, Herachei 1061, and H. 13S7, as seen 
Lord Kosee,'' have exactly such a form. If, instead of. having 
J nucleus in the middle, the original nebula had been denser 
near one extremity, like fig. 3, a siipple spire like fig. 4 would 




»the resulting spiral nebula, as we see it in.H. 827, H. 1946, 

' Prof, O. P. Bond. Director of Harran) College Obesrralory. kind); tent ms 
npiea of & number of Rosiie'a Uteat figures of spiral nebuln— lur wbicti impartut 
■errice I her* ttpeut mv sincere lliaalis. 
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etc. A nucleus with four branches of different density and 
magnitude would give a spiral nebula like the beautiful object^ 
Messier 99. If each of the two arms in figure 1 had been sub- 
divided into two branches, H. 2084 would result. 

These few remarks must be sufficient at this place. We have 
already deduced forms as fanciful as H. 1196, H. 131, H. 1744, 
and others, from simple rectilinear forms, and we hope before 
long to discuss this theory more at length. We here merely in- 
tended to show that the forms revealed to us by the great tele- 
scope of Lord Bosse appear to be simple mechanical consequen- 
ces of the nebular theory, if applied to vetiff large nebulae. 

§ 13. Th9 Law of the Planetary Distances. 

The law of the planetary distances has not as yet been discov- 
ered, though it has been most diligently sought for as the prin- 
cipal element of the *' Harmony of the Spheres." The endeavors 
of Plato were in vain, and Kepler at last ascended to the truth 
that the present distances are not exactly the original ones. 
Titius, and after him Bode, came near it [§ 2, (1)] ; but the dt- 
viations from this law remained unaccounted for, thus not giving 
the conformation most essential to any law. 

To find the true law of the planetary distances has been our 
aim for nearly ten years; we hope the sequel will prove that we 
at length have found the solution of this problem in the follow- 
ing law : 

Tke mutual distances of the planets correspond to equal intervals 
of time. 

That this is Sifact we will demonstrate ; but why these inter- 
vals were equal we are not yet able fully to see — still we know 
that this is the simplest way in which the periodicity in the de- 
velopment of the nebula as found in § 10 can obtain. 

Deferring a thorough discussion of the earlier attempts, (some 
of which are almost contemporaneous with our own solution,) to 
some future opportunity, we will now give the inductive reasonr 
ing which leads to our law above stated. 

There are a few well known laws in the evolution of the neb* 
ula which embody the solution of the problem. We know that 
the planetary masses are insignificant as compared with the solar 
mass ; hence we see that the orbits of the planets simply mark 
the equatorial band of the condensing nebula at those definite 

Seriods when the radius of the nebula had diminished to the 
istance of the planet. Thus we see that tlie planetary distances 
must he functions of time. 

Or, if it be more plain, we may say that the original nebula, 
in contracting, left at certain intervals a few particles behind to 
mark the limit of the nebula at those instants. But while con- 
densing, the uttermost particle of the nebula describes a spiral 
.carve; and if we can find the relation between the distance a of 
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article and the time t, we need only to substitute the different 
rals corresponding to the formation of the different planets 
ier to obtain their distances. But as the evolution is regu- 
periodical (§ 10), it is most probable that these intervals are 
; comparison with observation shows this to be the case, 
t the motion of such a particle in so rare a nebula is regu- 
by the attraction of the whole nebula and the resistance of 
ther. The first of these forces is inversely proportional to 
quare of the distance a, since the mass remains sensibly 
ime, and the particle is considered as on the eqxiatorial sur- 
•f the nebula. In other words, the force of attraction on the 
3le is the same as the force of gravitation acting upon a 
jt. Eesistance of the ether will necessarily follow the same 
whether a single particle or a planet be subject to it. Bui 
our analysis* of the motion of a planet toward the sun is 
tly applicable to the motion of the superficial particle in its 
3ward the center of the nebula. Formula (10) of that ar- 
shows the distance a (radius of the nebula) to be 

azzrA.r^"' (36) 

e A is the original distance (or radius of the nebula) and i 
me of falling from A to a. Or, if at represent the distance 
e planet that separated from the principal nebula at a time t 
r than the now nearest planet — i. e. the age of the planet as 
ted from Mercury, — the above (35) becomes 

a£ = |?.r' (36) 

e ^ and y are constants. But in the analysis leading to (85) 
oefficient v of resistance 

3 d 

' = 8J^, (3^) 

)een considered constant ; here we cannot do so, for though 

lensity d of the ether and the radius q of the particle may 

)nsidered constant, the density d of the particle varies very 

1, about inversely as the cube of the radius of the (homo- 

ous) nebula. If, therefore, "' be the value of v correspond- 

o the particle at the distance 30*0 of Neptune, »" the same 

e distance 04 of Mercury, we have for a homogeneous 

la 

y/ . „// -- (-4)3 . (300)3 — 1 : 422000 

ly. If d increases toward the center this proportion would 

minished ; but still we see that v decreases toward the inte- 

The formula (36) can therefore only express the principal 

of the law ; how (36) has to be amended in order to take 

n the Density, Rotation and relative Age of the Planets. This Journal, 1864, 

sxvii, 86. 
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the variation of i^ into account has to be separately investigated. 
Before we attempt this we will com pare (36) with observation. 

Erecting at equal distances (§10) ordinates proportional to the 
actual planetary distances, and interpolating by connecting these 
points by a curve, we see that this curve has the appearance of 
a logarithmic curve (like those given on the plate appended to 
our former article, this Journal, 1864, vol. xxxvii) ; and if drawu 
with sufficient care, we find that the constancy of the subnormal, 
characteristic of the logarithmic curve, holds good in the present 
instance — thus proving that (36) really is applicable to the plan- 
etary distances. But it is not the exact law, for the axis in the 
diagram is evidently too far below the curve, or the distances 
are too great by a constant a, so that the diagram of the planet- 
ary distances will be expressed not by (36) but by 

at = a+^.f^ (38) 

and it remains to be seen whether this additional constant a can 
be accounted for by the variation of * (37). Before we investi- 
gate this, we will see how far (38) represents observation. 

We see that it is almost the same as the law of Titius, but 
while in the latter t is a mere index, it is in (38) a variable, the 
great independent variable of mechanics, time or age/ Besides^ 
(38) deviates from Titius in the case of Mercury. Adapting the 
constants of Bode to (38), it becomes 

af=4 + (l-6).2< (39) 

Eepresenting by a the actual distance, we have, for compari' 
son with observation, 



Planet. 
"Mercury, 
Venus, 
Earth, - 
!Mars, 

Asteroids ®-@, 
Jupiter, 
Saturn, 
Uranus, 
Neptune, 



Distance 



age, <. 

1 
2 
3 
4 
5 
6 

8 



calc. at, 

65 

70 

100 

160 

280 

620 

1000 

1960 

3880 



obs. a. 

38-7 

92-3 

100-0 

162-4 

262-3" 

620-3 

953-9 

1918-2 

3003-6 



Difference. 
+ 16-3 

— 2-3 
0-0 

+ 76 

+ IH 

— -3 
-- 46i 
.- 41-8 
- -8764 



We see that the present distances a agree with the original a/ for 
the principal planet of both groups, for the Earth and Jupiter. 
Mars, Saturn, and Uranus are about ^V^h of their distance too 
oear the sun, having approached the latter so much ^more on ac- 
count of their mass being smaller. Mercury and Neptune have 
even approached still more, the former because of the smallness 

' Calculated from the table in Smithsonian Report for 1861, p. 218-219. We 
found the following interesting fact : mean distance of (1) to (31) = 2*599 ; of (31) 
to (56) = 2*679 ; of (67) to (72) = 2-762, showing that in general the more (Ustani 
mnnbrrn of the group of asteroids have been later diaeovered. 



• • • 

ries 0, 1, 2 . 


..Wethi 


Age. 


too small. 


ILLlclir* 

M066 


-•1066 


20000 


•0000 


2-9056 


+•094 


3-890 


+ 11 


6-0001 


•000 


6-9264 




^•073 


6-9683 




I--031 


7-6230 




k377 
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» mass, the latter on account of its high age (see this Jour- 
vol. xxxvii, p. 41). Before the precise influence of resist- 
) was known, these deviations were considered sufficient cause 
3ject the law of Titius-Bode ; but now these verv deviations 
B become essential supports of the truth of that law. 
.nother and better test of our law (38), and of the constants 
Jode (39), is obtained by directly solving (89) for the age i 

log (a£- 40) — log 16 

*= ^ log 2 (*«) 



Planet 
Mercury, 
Venus, - 
Earth, 
Mars, 

Asteroids ©-@, - 
Jupiter, - 
Saturn, 
Uranus, - 
Neptune, 

rom this table we see that the age of the planets above that 
ilercury is as the series of natural numbers, the deviations not 
f being but small^ but just such as influence of the mass would 
LQ them. This may be easily proved by the formula con- 
led in the article on the age of the planets before referred to. 
f the present age of Mercury be m, then the age of the inte- 

• planets will be to that of the exterior ones as m + - is to 

26 

f --, or as 2rM + 3 to 2/71 + 13. We found this ratio as 1 to 

this Journal, vol. xxxvii, p. 43) ; if true it would follow that 
= 1, or the total age of any planet would 6e < + 1, the unit being 
age of Mercury, 

ifter having seen that (38), the modified form' of (36), is ap- 
jable to the planetary distances, we will demonstrate that this 
dification is consistent with the signification of t\ the time, 
f the resistance R be proportional to the velocity v, or 

R = i't; (41) 

have the tangential force (this Journal, vol. xxxvii, p. 40) 

1 \ dtj _^^ dd 

r 

ere r is the radius vector, and ^ the anomaly ; but Kepler's 

ond law gives 

dd 



^^=-.Rco8i7 = -.vr-, . . (42) 
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so that (48) becomes 

^[J;+.c]=o. (44) 

giving /)r v constant^ 

crzC.e""', (45) 

or, since by Kepler's third law, c^^af^^ 

« = 2!.-2'". (46) 

all of which formulae are demonstrated in our article referred to 
above. 

Instead of solving the problem directly, we may indirectly try 
to find how y must vary that (86) may become (88), i. e. to add ; 
a constant term to (46). In other words, C instead of being con- 
stant must be considered a function of ^, i. e. (44) must be 

so that the resistance now becomes, see (42), 

R = ..-^ = ,.-|.?|^ (48) 

COS 1/ do r 

instead of (41), where cos i? = -7-, and ds is the element of the 

orbit. The function q){t) can now, by the method of the varia- 
tion of the arbitrary constants, be so determined that (46) or (36) 
coincides with (88). Since r is a function of i, we may make 

/(0 = rg)(0, (49) 

hence (47) becomes 

^^ + .c=/(0 (50) 

Taking the complete differential of (45), i. e. also considering 
variable, substituting in (50) and reducing by (45), we obtain 
for the determihation of C, 

'-"■§=^') (") 

This gives, by making K an arbitrary constant, 

C = K+/c^^/(0.<^^ (62) 

which, substituted in (46), gives, 

a = t.—\K+fe''\f{t).dt-\'. . . (53) 

This should be identical with (38), i. e. (remembering that^ 
here is counted from the most distant, in (88) from the nearest^ 

planet and that y in (86) is e"^" in (85) ) 



a=a-^p,«" . •*.*, (64) 
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ig (53) and (54), and solving for/(<), we find, 

f(t) = V -J- ^ "^ , . , . . (56) 



(54), 



/(0 = ^« 1^. ...... (66) 



Kepler's third law gives (iz=za^v^ (this Journal, vol. 
, p. 38, note) ; hence 

f{t)=^^v, (57) 

lently, by (49), r and a being now the same again, 



V 



V' 



<p{t) = va-, (68) 

cos V being almost equal to one, the orbit being nearly 
r, R = vJi-^) (69) 

3 we see that (36) becomes (38) if the resistance R, instead 
ig simply proportional to the velocity (41), is varying ac- 
; to (59), which may be comprehended in (41) by taking 
tor V to decrease from y (a = x ) to (a = «) according to 

ariation of the coefficient of resistance is conformable to 
nee ^j according to (16) (then 5), increases as a decreases. 

-2vt 

law at=ia+^,e zzra + j?.)'' 

•efore, but an amplification of 

latter the coefficient of resistance is constant, in the former 
IS according to (60). As now (60) is real, (54) or what is 
ne (38) is the real law of the planetary distances, t contin- 
) represent the age, and not, as in Bode's law, a mere in- 
And as now finally (38), applied io the actual distances, gives 
for t that are very nearly as the natural numbers, our law, 
iced above, holds true, that the planetary distances correspond 
I intervals of time ; or the consecutive planets were abandoned 
I intervals of tim^, 

re remain yet two remarkable consequences to be drawn 
lis exponential law of the planetary distances. K in (38) 
fficiently great (i. e. the corresponding planet far from the 
to make the first term insignificant as compared to the 
, we have approximatively 

OUR. Sci.— Second SERiEg, Vol. XXXIX, No. 116.— Mi.RCH, 18(15. 
20 
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consequently -^^=.y, (61) 



«< 



or for the most distant planets their distances approach to a smpk 
geometrical series whose quotient is the base y. But this law will 
again in part be interfered with on account of the action of re- 
sistance on the completed system, which, on account of the 
higher age, has drawn the most distant planets comparatively 
nearer to the sun than the less distant ones, so as to diminish the 
above quotient y. 

Again, if t is suflSciently small — or the planiet sufficiently near 
the center — the exponential series contained in (38) is highly 
convergent, so that perhaps the approximation may be sufficient 
if only the term of the first order is taken, so that (38) becomes, 
A and B representing constants, 

a^ = A+B.^, (62) 

hence a^^.^ =z A+B(<+1), 

05^2 = A-f-B.(<-|-2), etc. 

or, a^+, -a,z=a^+2-.a^i=B, . . (63) 

i. e. the innermost planets have a tendency to become equidistant. 

Both of these consequences are very plainly marked in the 
solar system, especially in the lunar, but also in the planetary 
orbs. For, as regards (61), we have for the distances of 

Saturn to Jupiter as 1*85 to 1. 
Uranus " Saturn " 2*01 " 1. 

Neptune " Uranus " 1-5Y " 1. 

For Saturn-Jupiter this proportion is still less than y = 2— also 
because Jupiter both on account of its age and mass has fallen 
less toward the sun than Saturn ; but for Uranus-Saturn the 
ratio is almost equal to y = 2, while for Neptune-Uranus it is 
less again, on account of the higher age of the first. 

The second circumstance, expressed in (63), seems to be exem* . 
plified in the orbits of Mercury, Venus, Earth, the three planets 
that are nearest to the sun, or for which t is the smallest. Their 
distances are 

Distanee. BifTereoce. 

Mars, .... 152-4 

Earth, .... 100-0 ^^* 

Venus, .... 72-3 ^^ ^ 

Mercury, - - - 38'^ ^^'^ 

We see how Mars, Earth and Venus follow Bode's law exactly, 
for one-half of 52*4 is 26*2, or very nearly 26*7 — but the distance 
between Venus and Mercury is 33-6 instead of J of 267 or 18i 
This difference might be considered as a consequence of (63); 
but we know that it is principally due to the small mass of 
Mercury. 

[To be concladedj 
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Art. XIX, — Periodic action of Water; by Louis Nickerson. 

In reading, some weeks ago, the article by Prof. Loomis, on 
the vibrations of water flowing over a dam, I was somewhat 
Bu-rprised at the idea of deriving the peculiar motion from a for- 
eign source, as a column of air; surprised, because, however 
much the air might effect, by reaction, after the action had com- 
menced, the perturbations of a liquid, in whatever state of mo- 
tion it may exist, have always been so connected with periodic 
action as to have given use to the name of its most common at- 
tribute " the wave," as the characteristic title of nearly all 
periodic action. Without an attempt to discuss the question 
with the distinguished gentleman engaged, I shall endeavor to 
point out the manner in which the vibrations may be considered 
simply as the result of a wave peculiarly circumstanced. 

I was sitting one day upon the bank of a Jarge river in the 
West Before me was a strong ripple, supposed by the people 
around to have been caused by the lodgment of snags upon the 
bottom. The sound from it was much louder than the roar of 
the stream— then in a state of freshet, and itself uproarious. 
But there was a cadence in it, an easily distinguished division 
into regular periods, which induced an inclination to pause and 
watch. My position was just upon the middle of an arc, which 
a late "caving in" of the bank had indented, each point of the 
arc running past the average bank of the river toward the 
center. The one down the river being in the greatest project 
tion gave to the arc the appearance of a crescent, quartering 
intB the bank and with its back down-stream^ward. Now a 
portion of the main current of the river, striking this lower 
horn, rounded inward as though to make a whirl within the 
crescent, but, thrown off, shot over toward the center and up 
stream. Above, another partial current, cut off from the main 
stream by a shoal or otherwise, came down along shore, and 
passing the upper horn bore directly down upon the face of the 
first eddy. Now they attempt to bear each other back, as though 
striving for the mastery of tne crescent. For an instant there is 
an equilibrium. Both currents at the place of meeting rise ram- 
pantly into waves ; both seem to receive reinforcements. They 
might be supposed to be equally mratched, but the upper current 
receives the most water. For another instant they stand poised 
and opposed, and then the upper rushes, broken, but conquering, 
down over the surface of the other. Carrying off, however, not 
only its superabundance, but dragging along a little more water, 
so that the lower current quickly regains its ascendency, driv- 
ing the upper back to be again checked and again overpowered, 
as before. 
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Afterward, I watched this place for hours at a tftne, unfor- 
tunately without timing, but yet with so distinct and definite a 
feeling of the regularity of the periods, that it was easy to esti- 
mate in the mind the exact period whep, equilibrium having 
been attained, the lower water would start suddenly back and 
the accumulated waves from above rush over it, always dragging 
a sufficient extra quantity of water from the upper current to 
give for a time the ascendency to the lower. The space thus 
fought over was three or four feet. 

But mill-dams are certainly not in just this situation. The 
permanent weir opposes no such active resistance as the elastio 
and moving weir just described. Its characteristic is passive 
resistance. Must we therefore look to it for continuous action? 
I take it to be thus : 

1st. That a certain quantity of water arrives at the pool, and 
is all passed over the weir in the end, but in periods. 

2d. That the quantity passed between these points, is, at the 
lesser points of velocity, of greater transverse section. This is 
obvious. 

3d. That the decrement of velocity, and corresponding incre- 
ment of section, is greater at a point nearly under *the point of 
greatest depression of the curvcof amplitude. 

4:th. That outside of this stream the pool is made up of water 
in a state of slow motion, at rest, or even in some cases of re- 
action, whirling or flowing backward. 

Now we may examine the curve of hydraulio amplitude and 

its changes. For this we take the formulae of permanent motion; 

which, though not exact, is sufficiently characteristic, as derived 

from Weisbach, ' 

P v2 
sin a — z -^ • -- 
ao 2ffy 






when 

I z= distance between a and a^, 
sin a z= slope of original stream ) a =: depth of dam or known point 
P = whetted perimeter, J a jZ= required depth. 

al = transverse sectio«, z = coefficient of resistance, 

V = velocity, p = 32'2, or a gravitation, 

* 

The form of this curve is represented in the works of almost 
all hydraulic authors, and its equation shows it to be asymp- 
totic to the original surface. It is easily seen above that when 

sin a of the original surface becomes equal to 2-7- -^ and there- 
fore equal to sin a' of a transverse section of the pool ; a— a, =0, 
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Dr the pool is simply a continuation of the stream, and if — 
becomes equal to -, or the height due to velocity becomes equal 

one-half the depth, both of the original stream, then a-a , =x, 

1 case which we shall .examine more hereafter. We know that 
wrhen the pool is first filled and the water is just on the point of 
lowing over the dam, the surface is horizontal, and we call it 
ihe hydrostatic amplitude. It is moreover true, that when the 
lowage commences and the hydraulic amplitude obtains, there 
is a stream of water passing through the pool, various in its 
srelocities, and with a sheath of water, diflFerently circumstanced, 
iround it, which it in some way affects. We have also the ad- 
mitted law, (Weisbach, vol. 1, art. 307 ; D'Aubinson, art. 54), 
that when any stream of liquid is in motion in any direction, its 
pressure in all other directions is equal to its hydrostatic press- 
ure, less the pressure in the direction of its motion, and generally, 
that when a liquid in motion is made to pass through a liquid of 
less velocity, a part jDf the latter is dragged along by its greater 
lateral pressure, and passes off with the stream. In 1797 the 
engineer Venturi applied this principle successfully to the drain- 
age of public lands. (Ewbank's Hydraulics, p. 478.) 

In a pool fed at one point and yielding up the water at an- 
other, such as a mill-pond, this state of affairs practically obtains : 
that there js first a stream of water running some distance into 
the remou, and another passing out ; in long dams only near 
bhe ends, perhaps, but in those of ordinary size throughout the 
whole length. This stream comes in contact with and passes 
through walls of partly quiescent water, not only that of the 
dead angles, but also of superimposition. For, says the engineer 
D'Aubinson, " moreover, the water of flowage seem only to be 
superimposed above the current, and not to participate wholly 
in its motion. The engineers who took the levels upon the 
"Weser have observed, at a distance of 3884 feet from the dam, 
that the velocity of the surface was nearly insensible, whilst that 
at the bottom was quite strong." 

We have now the fact that a stream is running through water 
much more nearly at rest, and that owing to the difference of pres- 
sure, some of the slower water must be dragged along in the 
course of the faster, in quantity and force varying as the differ- 
ence of lateral pressure. We must remember that as in the end 
the weir can only pass over the same amount of water as it has 
received from the upper end, i. e., the water of the current, there 
must, then, be a periodic lull until the deficiency caused by this 
dragging action has been replaced. 

It might readily appear that, as the velocity may become less 
from the interior of the stream to the outside, this might occur 
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and yet a continuous action be kept up. But a little thouglit 
will show that as normally the stream passes out exactly the 
quantity received through its own continuation outside the pool, 
and as the water which I have shown to be dragged out is an 
extra quantity, there must be a pause after its exit until the 
surface, which has been lowered a very email increment by ita 
departure, attains its own proper regimen. 

You will notice that this reasoning requires that there should 
be a rise and fall of the surface of the curve of amplitude. I 
have seen no such rise myself, nor been able to obtain a con- 
firmation of its occurrence from others. But these causes of its 
existence appear to me too plain to be disputed. It must by " 
necessity be extremely small, — too small pernaps for observation. 

For the formula A = — when applied to a 4 foot velocity gives 

ns A = 0*25, and a velocity of 4*8 yields for h only h = 0"263. 
By which we see that a rise which would only add a quantity 
= 0*013 to the depth would increase the velocity full j\. Then 
for the ordinate of the parabola of theoretic'fall, we should have 
for the VIS viva of the horizontal component a quantity varying 
as the square of velocity, or, for velocities varying from 4 ft. to 
4*3 ft., a mechanical effect varying as 16 to 18*5 against the re- 
sistance of the atmosphere. That the atmosphere both outside 
of the* falling water and the column inclosed between it and the 
dam, would assist by its elastic reaction in the vibrated distance, 
there can be no manner of doubt. But a cursory thought strikes j 
me as I write, that were the action of the air truly isochronous j 
with these vibrations, then the vibrations would have a constant 
tendency to increase. Partly it assists, partly deadens. 

Again let us recur to our formula. Although made by Weis- 
bach only to measure the curve of amplitude, and for the ordi- 
nary case of remou, it still contains the very, elements which we 
need, and its changes may at least mark corresponding changes 
in the law which we discuss. In 

P t;2 
8m« — z— 7 — 

/ ^^ 2^ \, 

we see that sin « is the measure of the slope of the original cur- 

P v^ 

rent, ^-r-o" ^^ ^^®. resistances of the whetted perimeter of the 

pool, whilst the denominator marks the changes which occur in 
the condition of the stream. To use it for our present purpose . 
we must find the value of a, for some finite point on the axis of 
the stream, and then placing / = to an infinitesimal distance 
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from that point, the difference a,— ^o should show the fluctua- 
tion of height due to a periodic change in the discharge. Now 

when sin a = 2 -7 . ~, it is also by the law of the formula =sina' 

of that transverse section of which the second member shows the 
resistance ; therefore 

sin a = sin a', 

therefore the velocity of the pool = the velocity of the stream, 
and the surface line of the pool is a parallel line with the bed ; 
for fl;— a,,=0, therefore it is circumstanced as in the original 
stream. There is no backwater, no difference of pressure and no 
vibration. 

When sin a = 

the surface becomes level, for there is no velocity, no flowage, 

therefore no resistance, 2~.--=xO; againa,— a^=0; and there 

is no action, periodic or otherwise. 

So we see that there are two points at which the vibrations 
cease : namely, when the water is sufficiently high to flow over 
the dam without much remou, as with a stream undammed, 
and with its surface a line nearly corresponding with the surface 
of the original stream; and again when the water is so low as 
to make the difference between the hydrostatic and hydraulic 
pressures very small. Of course these limits are much circum- 
scribed by the inertia of a large body of water which has con- 
stantly a tendency to absorb and soften these vibrations. The 
most violent palpitation should then occur when 



sm 



/ P t;2\ 



tn being a new quantity to be found by a knowledge of the 
stream. 

2 v^ v^ ct 

Again, if we put-,—- = 1, or ^ = ^, or when the height 

due the velocity of the original stream becomes equal to one-half 
the depth of the same, we have 

a, — •a^= X. 

Certainly nature admits no such differences as this. Yet, the 
Act beautifully follows from this, that when the height due the 
Telocity of the original stream is equal to one half the depth of 
the same, the back water no longer retains the concave form, 
hut, tending to rise infinitelj^, is checked by the action of gravity, 
falls backward upon the original stream, and tends to form a 
convex wave, witn a nearly horizontal surface at a height above 
the bed of about one and one-half times the hydrostatic height. 
After this height becomes greater than half the depth, the wave 
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is actually formed, and the water of amplitude flows to and re- 
bounds from the foot of the stream. Bidone discovered this 
law, and Belanger has applied to it a formula. 

The general formula which relates to this action we may 
gather from what proceeds. If A be the height of the remou, 
just before greatest action, h-^h^^ height at the beginning of 
the lull that succeeds. The velocities are then 

V = V, - v„ 



And the times = < = I-l — ? , s, and 5, 'being spaces due to the 

two velocities combined with the time, t, of the vibration. Or 
the time of one vibration is equal to the time in which water falls 
through the height upon the dam, minus a space due to the ve- 
locity of different heights of remou, combined with the time 
observed. In other words, it ig the time required for the quick 
water to draw a certain portion of nearly quiescent water into its 
own mean velocity — the quantity of quiescent water so drawn, 
and consequently the time, depending upon the regime of the 
remou. To this must be added the time of recuperation. 

The action when a— a,= ao would be the formation of a re- 
mou, similar to the one described as seen by the writer of this in 
the first part of this paper, just at the point where the stream runs 
into the pool, which would cause one set of vibrations there, and 
perhaps another set similar to those on ordinary dams at the weir. 

For a practical solution of this question, to prevent the vibra- 
tions, I am only prepared to recapitulate the loregoing examin- 
ation into the nature of the action. 

1st, We may consider that the vibrations become practically 
small when the inertia of the pool becomes sufficient to absorb 
them ; therefore they are small when the quantity of water run- 
ning over the dam is small in relation to the pool, and sin o=0 
or nearly. 

2d, The same would be true if there were no backwater, or 
the stream retained its mean velocity unretarded, obtaining when 
the since = sina', as before, or when the surface becomes parallel 
with the bed ; and again, should the pool be so filled as to make 
the bed become parallel with the surface.* 

'■ After the horizontal line (or line of hydrostatic amplitude) which bonnds the 
surface of a pool just on the point of running over its dam is found, and the water 
begins to flow over, the longiiudinal outline of the surface changes from its strught 
and horizontal form, and becomes a curve, which joins the water of flowage at some 
distance from the dam, and proceeding backward, after the law of the eqoatioo 
given in this paper, becomes asymptotic to the surface of the original stream. B 
is called the hydraulic amplitude. This curve marks by its changes every alten> 
tion or irregularity in the flowage, either of quantity or velocity or resistance^ aod 
having been carefully subjected to mathematical laws, answered as a toudistane to 
the deductions of this paper. And the law developed, not being dependent opoa 
the form or nature of the weir, is a law for the periodic action of all fluids in • 
state of motion past an obstacle. 
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A.RT, XX. — Remarks on the Carboniferous and Cretaceous Bocks of 
Eastern Kansas and Nebraska^ and their relations to those of the 
adjacent States^ and other localities farther eastward; in connec- 
tion with a review of a paper recently published on this subject by 
M. Juhs MarcoUf^ in the Bulletin of the Geological Society of 
France : by F. B. Meek. 

It is doubtless known to most of the readers of this Journal, 
that other explorers have long differed from Mr. Marcou, in re- 
gard to several important points in the geology of the Western 
States and Territories. During the autumn of 1863, it seems that 
he made an excursion to the West for the purpose of examining 
some of the localities in Nebraska respecting which he and others 
could not agree. While making these examinations, he was ac- 
companied by Professor Oapellini, an able Italian geologist from 
Bologna ; but, as Mr. Marcou distinctly states that the views set 
forth in his paper are entirely his own, and that Prof. Capellini 
may have arrived at very dinerent conclusions, it is due to the 
latter gentleman, that the geologists and amateur collectors fami- 
liar with western geology, who may read this review, should be 
informed that he is in no way responsible for any of the opin- 
ions expressed by Mr. Marcou. 

Geological observations made by rail-road or steamboat travel 
3eing necessarily disconnected, Mr. Marcou^s remarks, in the paper 
inder review, so far as based upon personal examinations, relate to 
Tew isolated points along the shores of that part of the Missouri riv- 
3r ascended oy him, and lying between St. Joseph, Missouri, and 
Sioux City, Iowa. By a glance at a map of the West, it will be 
jeen that the distance between these two points, by an air line, is 
Ekbgut two hundred miles; and that this part of the river forms 
the eastern boundary line of the new Territory of Nebraska, con- 
sisting of a portion of the southeast corner of a vast area for* 
merly known by the general name of Nebraska Territory. 

The first points at which Mr. Marcou seems to have touched, 
after taking steamboat at St. Joseph, were near Savannah, and 
in the vicinity of Iowa-point, where he saw outcrops of rock 
some sixty feet in thickness, consisting of bluish-gray clays, with 
intercalated layers of gray limestone, all showing a slight inclina- 
tion of 3° or 4° in a W.N.W. direction. He says that he made 
no collections here, but that he saw Productus and Terebratula^ 
showing it to be Carboniferous. (To this formation it had been 
referred by all others.)' 

* Une reconno'^ance geologique du Nebraska ; par M. Jules Marcou. Bulletin 
Geol. Soc. Franc^ xxi, 132-147, January, 1864. 

' It is worthy of note here that Dr. Owen collected at this locality species which 
he referred to Nautilus ttthet^tdaius, Prodttctun Cora^ Spirifer faaciger^ Terebratula 
j^no-aulcaiOf and Orthis UmhractUum. (Report Iowa, Wiscon., and Minn., 135.) The 

Am. Jovb, SolSecond Series^ Vol. XXXIX, No. lift.-— ^kRC^, ISRfe. 
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At another locality farther up the river, in the region of Ne* 
braska City, he saw various exposures of rock, from which be 
constructed a section embracing some seventy feet of strata, con- 
sisting of reddish, gray, greenish and black clays, with a six 
inch seam of cannel-coal, and intercalated layers of light-<)olored 
dolomitic limestone, and toward the top a thin bed of sandstone 
containing numerous fragments of plants, some of which he 
thought like Zamites and Walchia ;' the whole, according to him, 
showing a general inclination of only 5° to 7° to the N.N.W. 
These beds, he says, agree in color and other lithological charao- 
ters with the Lower Trias of France, {Dyas of him,) to which hori- 
zon he refers them, and differ from the subjacent Carboniferous 
strata upon which they repose, according to him, unconfornuiblj, 
(sur lequel elles reposent en discordance do stratification). He 
does not, however, state that he anywhere saw the junction of these 
supposed two systems of strata, nor does he explain exactly the 
nature of the discordance of stratification. But we infer that 
he alludes to the fact of the Carboniferous beds showing at one 

f)lace a slight inclination of 3° to 4° to the W.N.W. ; and simi- 
arly slight inclination of the so-called "Dyaissic" rocks, of 6° to 
7° to the N.N.W., at another. 

Geologists familiar with the numerous local undulations of 
strata in the west, v^here they often lie so nearly horizontal that 
their general inclination can only be distinguished from these 
local undulations by careful observations over considerable are^ 
will know how to appreciate such evidence as this. The im- 
probabilitv too (though within the range of possibilities) of a 
newer rock dipping at a higher angle than that upon which it 
reposes, and in a different direction, when the inferior rock is so 
nearly in its original horizontal position, will be apparent. 

But from these rocks Mr. Marcou collected a number of fossils^ 
which should clear up all doubts in regard to their age. These 
consist of the following forms, as identified by him, viz : — NaU' 
tilus^ Pleurotomaria, Murohisonia^ BtlUrophon^ Panopcea, Edmondia^ 
Avicula^ Monotis, Ancella^ Myalina, Bakevellia, Pecteii^ LimOj Or* 
ihis^ Producius PrattenianuSf ProductuSj (undt.) ; Choneies mucrO' 
nata^ Spirifer (Mariinia) Clannyanus, Spirifer (undt.), Terehrafyia 

«heU he always referred to Spirifer fateigert is now weU known to be jS. ettmenbu 
Morton, and that which he called Prodnctui Cora, is the P. aguieostaiut Shumard, 
two of the most common and characteristic species of our Western Coal-roeasuren 

The species of so-called TerebrtUula, mentioned b^ Mr. Marcou, is roost probably 
Athyrii (or Spirigera) tubtilita Hall, as that shell is known to occur there, and it 
nearly all other places in the same rock, while Mr. Marcou habiiuaUy caUs it !7!iii6- 
tilita, 

' It should be remeroberod that these identifications are not given on the voXkai- 
ity of Prof. Oapellini, whose opinion on such a question would hure been worthy of 
consideration. I am also gratified to see that, since this gentleiiRin*s return to Eu- 
rope, he has published a work at Bologna, in which he says that he dissents fhw 
Mr. Marcou in regard to the age of the rocks at this locality, and thinks that thi 
/osfiiis he saw are more like Carboniferous forms. 
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near T. svbiiliUji^ some small Corals, or Bryozoa, an Apiocrinus^ 
and a Crinoid^near Encrinus moniliformis. 

That Mr. Marcoa may have collected or seen, at TSTcbraska City, 
specimens he honestly believes to belong to all the genera and spe- 
cies mentioned by him, and that he did find some of these forms 
there, the writer is fully prepared to understand from a care- 
fidl personal study of the same beds and their characteristic 
fossils iit numerous localities in Kansas and Nebraska, as well 
as from familiarity with collections from that and other localities 
in the immediate vicinity. For instance, he knows that Cho- 
neles mncronata Meek and Hayden, Productus Prattenianus Nor- 
wood,* Spirigera sitbtilila Hall, Spirifer {Marlinia) planoconvexus 
Shumard, Spirifer cameralus Morton, Myalina perattenuata^ Pleu- 
rophorus occidentalis and Sedgwickia ? concava M. & H./ together 
with species of Avicuhpecten^ and one of those forms belonging to 
the same group as the so-called Monolis speluncaria of authors, 
(genus Eumici'otis Meek,) occur there. Dr. Owen also found at this 
locality (called Fort Kearney in his Eeport, there being no town 
there at the time of his visit), in the highest bed of limestone, 
Productus costaXuSj P. Flemingii^ and great numbers of Fusulina 
a/Undrica. The shell referred by Mr. Marcou to Spiriftr dan- 
fiyanits is beyond any reasonable doubt the same called S. piano- 
convexus by Dr. Shumard, since it is known to occur there and 
at numerous other localities in the same beds and far below ; 
while it is scarcely distinguishable from/Sl Clannyanus. It is, how- 
3ver, quite as nearly allied to, if not really identical with, the 
Mrell-known Carboniferous species S, Urii. Indeed, specimens of 
this shell sent to Mr. Davidson from the Coal-measures of Illi- 
nois (where it has received from Mr. McChesney the name 4^- 
hocaelia gemmula) were pronounced by him undistinguishable 
from British specimens of S. Urii. Good wood-cuts of the same 
shell, from Kansas, sent to Mr. Salter of London for comparison, 
within the past year, were also referred to S. Urii. 

Now these species, that is, Fusulina cylindrical Chonetes mucro- 
nata^ Productus Prattenianus^ Productus costatuSj P. Flemingu) 
Spirigera subtilita, Spirifei' planoconvexus (or JJm*), and Spirifer 
eameratus are the most common and characteristic forms of 
the Coal-measures of Kansas and Nebraska, Northern Missouri 
and Western Iowa, in the verv beds which, it will be seen, Mr, 
Marcou refers to the Subcarboniferous. They are also there 
found in the Coal-measures associated with ^species x>f Nautilus^ 
Bellerophonj Pleurotomaria, Murchisonia^ Edmondia, Avicubpic- 
ten, Monotis, (so-called), and, especially in Kansas, Nebraska, 
and northwestern Missouri, with a form so nearly like Panopcea 

* In ilescribing tbe latter three specie?, the 'writer nnd Dr. H. thought the bed 
from which they were obtained might be Permian ; but on afterward ascertaining 
tluit these shells are there and elsewhere associated with numerous well ftiarkea 
Coal-measure forms, thej were satisfied that it doestiot belong to tbe Permian. 
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as to readily deceive more skillful paleontologists than Mr, 
Marcou professes to be.* ^ 

The name Ancella^ in Mr. Marcou's list of Nebraska City fos- 
sils, is doubtless a mis-print of Aucella, there being no such name 
as Ancella known to the writer in Paleontology or recent Zoology. 
As some authors refer such forms as the so-called Monotis speluri' 
carta to Aucella^ it is probably one of these, which are common 
in the Coal-measures and Permian rocks of Kansas and Ne- 
braska, to which he alludes. That he found here associated with 
all the Carboniferous fossils known to occur at this locality, the 
Jurassic genera Aitcella (as illustrated and defined by Count 
Keyserling) and Apiocrimtes^ paleontologists may be pardoned 
for hesitating to admit. 

In regard to Encrinus^ the writer would remark that he has 
now before him from the Coal-measure outcrop at Bellevue, 
Nebraska, (referred to the Subcarboniferous by Mr. Marcou, as 
will be seen farther on,) the cup of a Crinoid, which in form 
and the arrangement of its plates, up to the summit of the first 
radials, as well as in the articulating surfaces for the reception 
of the succeeding range of pieces, seems to agree exactly with 
the corresponding parts of the genus Encrinus. None of the 
other parts, excepting as detached pieces, have ever been seen 
by the writer. The cup of the same or a closely allied spedes, 
beyond all doubt the same genus, occurs in the Coal-measures of 
Illinois; and separate plates of the same are not uncommon 
through nearly all the Coal-measures of Kansas and Nebraska. 
That a Crinoid with such a cup may be expected to be found 
nearly related to Encrinus^ it is quite reasonable to suppose; but 
even if it should be found in all respects undistinguishable from 
that genus, would it therefore be philosophical to refer these , 
beds at Nebraska City, and the Coal-measures of Illinois (placed 
by Mr. Marcou in the Subcarboniferous) with their great num- 
bers of Carboniferous fossils, in the Permian, or the Dyas as he 
prefers to call it ? If not, then all the arguments based upon the 
presence of this Crinoid, at Nebraska City, fall to the ground.' 

Mr. Marcou lays great stress npon the fact that the Crinoida 
found by him at Nebraska City differ entirely from the numer- 
ous American Carboniferous forms hitherto made known. He 
perhaps forgets that nearly all our Carboniferous species, yet de- 
scribed or illustrated, have come from the Subcarboniferous depos- 
its far below the Coal-measures. Some species, however, are 
known from our Coal-measures, and the fragments of a numberof 

* The type here alluded to is a "widely gaping, edentulous, very thin shell, trun- 
cated behind, and, when well preserved, covered with minute granules. In short, it, 
is the type of a new genus related to Allorimia, to which the writer has applied tlM 
name ChcBnowya^ in a work now in the press. The typical species, Allorismaf Leov' 
enwortjienaig Meek and Hayden, occurs in the Coal-measures at Leavenworth City, 
Kansas, and others range mucl^ higher in the pame series. 

' See note at the end of this paper. 
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others have been seen, all of which differ widely from those 
known from the great Subcarboniferoua limestones below the 
horizon of the Millstone grit. 

The next locality examined by Mr. Marcou is at the village of 
Plattesmouth, some fifty miles farther up the Missouri by an air- 
line. Here he saw another exposure of rocks, some forty-five 
to fifty feet in thickness, composed of grayish and dark colored 
clays, in places streaked with red, together with a six-foot stra- 
tum of yellowish dolotnitic limestone; all of which he says 
agree lithologically with the Lower Trias of France and Ger- 
many — Permian of authors, (= Dyas of him), to which horizon 
he refers them. As these beds, however, differ somewhat in 
color and composition from those seen at Nebraska City, he 
thinks they belong to another and lower division of the so-called 
Dyas, which, as its name implies, consists of two divisions in 
Europe, and consequently must be expcetde to present the same 
feature in this country. 

Here too he collected a number of fossils, which, according to 
him, eminently represent a Lower New Ked, or Dyassic, Fauna, 
though he at the same time admits that these fossils are very like 
Carboniferous types. But, to let the fossils speak for themselves, 
through Mr. Marcou, they were Clioneies mucronata^ Producttis 
OoJAounianus, Spirifer Clannyanvs, Terebratula [Spirigera'] sub- 
tilita^ T. Alormomi, Spirifer (undt.), Fusulma cylindrica^ together 
with (from an upper bed) ifowo^u«, Avicula and Pecien. 

We may also add that Dr. Owen collected here from these beds 
specimens he referred to Fusulina cylindrical Producius semiretic- 
tilaiiiSj P, mirbonariiLS^ P, hngispinus^ Orthis Umbraculum, Spir- 
f/er fasciger (?), Chonetes semiovalis, Allorisma sulcata^ some Corals, 
and a small undetermined Spirifer. (Report Geol., Iowa, Wise., 
and Minn., 133.) 

Now Chondes mucronata of Meek and Hayden was found in 
Kansas, ranging through a great thickness of Coal-measures, 
and the type specimens upon which this species was founded 
were collected at Fort Riley nearly, two hunared feet below the 
lowest well marked Permian beds. This was the highest posi- 
tion at which they met with this fossil, after careful examina- 
tions of hundreds of exposures ; and at this place it was found 
directly associated with a shark tooth which Prof. Leidy at 
once recognized as the same he had described from the Coal- 
measures of the Alleghany Mountains, Pennsylvania, under 
the name Petahdus AUeghaniensis, (See Meek & Hayden^s paper, 
Proceed. Acad. Sci. Philad.^ Jan., 1859, p. 17.) 

As already explained, the species referred by Mr. Marcou to 
Spirifer Clannyanus is the S. plano-convexus Shumard, which was 
originally described from this very locality. Sp'rigera subtilita 
all know to be a common characteristic Coal-measure species, 
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from Western Pennsylvania to the Rocky Mountains, and ftom 
Nebraska and New Mexico. Mr. Marcou figures it himself, 
under the name Terehratula subtilila, in his Geology of North 
America^ even as a Mountain Limestone species, from Utah and 
New Mexico. His so-called Terehratula Mormonii^ is a i2e(2»a, 
dedicated by him to the Latter Day Saints, from the fact that 
he first found it at their Capital City. It is worthy of note, 
however, that he figures and describes it as a Mountain Lime- 
stone species in the work just mentioned. So it would seem 
this little shell, in migrating eastward, obtained a long lease 
of life, since it here turns up, according to the same authority, 
ixi the so-called Dy as. The identity of the fossil is not questioned ; 
iftdeed the writer and Dr. Haj'den long since identified it, 
ranging through a great thickness of Coal-measures in Kansas, 
and northwestern Missouri. The notable point is, that it should 
be in Utah a Mountain Limestone species, and here at Plattes- 
mouth, part of an eminently characteristic Lower Triassic Faunal 

The Productus Callioxmianus of Swallow, mentioned by Mr. 
Marcou, is the same referred by Dr. Owen to P. semireliculqtus, 
from which, if separable at all, it is certainly with difficulty dis- 
tinguished. Whether distinct or not, however, it is known, as 
stated by Prof. Swallow in describing it, to range far down 
through all those very Coal-measures in Kansas and Missouri 
which Mr. Marcou refers to the Mountain Limestone. The geo- 
logical position of FusuUna cyUndrica, in this country has already 
been explained. Productus longispinus, P, carhonaria an^ OrlhU 
Umbraculurriy or at any rate species so referred by Dr. Owen, and 
sometimes by others, are common to the Coal-measures and the 
Subcarboniferous beds in the West. The species always called 
Spirifer fasciger f by Dr. Owen, as explained in another place, is 
S. cameratus Morton ; — the very specimen of it figured by Owea 
was from the Plattesmouth locality. It is known to be every- 
where characteristic of the Coal-measures, from New Mexico to 
Nebraska, and from Western Pennsylvania^ to the Rocky Moun- 
tains. 

The group of shells to which the name Monotis is often ap- 
plied in this country and England, and by some continental 
writers, (though generically distinct from the Triassic Monotis 
salinariuSj the type of Monotis Bronn,) is usually regarded in 
Europe as a Permian type. It is well known, however, to 
range through a great thickness of upper Coal-measures in 
Kansas and Northwestern Missouri, referred by Mr. Marcou to 
the Subcarboniferous. The names Avicula and Pecten are u«dd 
so loosely by paleontologists, that they may be said, as generally 
understood, to range from the Silurian to our existing seas. 

Now, how any geologist, having even a limited knowledge <rf 
American Carboniferous rocks and fossils, could regard a gronp 

' See Prof. Eogertf lleT^Tt'?a.,^m^% 694. 
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of forms such as those mentioned above from Plattesmouth, as 
eminently a Lower Triassic (or Dyasgic) fauna, seems inconceiv- 
able, excepting upon the supposition that he labors under some 
kind of a hard mental twist or bias on the subject of determin- 
ing the agQ of rocks by their lithological characters. 

After disposing of the so-called Lower Dyassic rocks at Plattes- 
mouth, Mr. Marcou takes boat again, and ascends the Missouri 
some fifteen or more miles to Bellevue, north of the broad allu- 
vial valley of Platte river. Here he saw a small exposure of 
rocks, some fifteen feet in height above the river, composed of 
whitish and yellowish limestone, and pale blue clays, altogether 
presenting different lithological characters from the outcrops 
seen below the Platte, and according to this favorite test of his, 
belonging to a very difierent epoch, or in other words to the 
Subcarboniferous. 

Here he collected from the limestones, according to his identifi- 
cations, the following fossils, viz : — Productus Flemingii^ P. semi- 
reitculaius, P. Cora, P, punciatas^ P. scabriculus^ P. pustulosxis, P. 
pyxiddformis^ Spirijer siriatus, var. triplicatus Hall, S, jRocky-Mbn* 
tanus^ Si lineatus, Terebratula subtilita^ T, plano-sulcatcij T. Boyssiij 
T, Utah^ Myalina^ Nautilus^ and spines of Archctocidaris. 

It may be as well to add just here, that Dr. Owen gives the 
following list of fossils collect-ed by him at this locality, viz : 
Fusulina cylindrica^ Prodticlus punclattis, P. Gora, P. cosiatusfy P. 
jFlemingv\ P. Ilumboldtiity Spirifei* fasciger?^ Chthis Umbraculum, 
Terebratula plano-sulcata^ and a Bellerophon near B, hiulcus. (Eept. 
Iowa, Wise., and Minn., p. 133). 

From the same outcrop, the writer has now before him (col- 
lected by Dr. Hayden) Producttis costatus^ or a common form of 
the western Coal-measures generally referred to that species, Pi-o- 
ductus Bogersiij together with the Coal-measure form usually called 
Prodactus punciaiu^y Spirigera sublilitaj Bhynchonella Utah (^ lire' 
iraUUa Marcou), Terebratula bovidens Morton, (= T, milUpunc- 
tata Hall), Spiri/er Kentuckensis^ S. cameratus, an Allorisma, and 
the peculiar Encrinus-like Crinoid already mentioned. 

As has been explained in another place, the shells from these 
rocks, referred by Owen and Mr. Marcou to Productus semireticu- 
htus and P. Cora^ are the P. Calhounianv^ Swallow, and P. cequi' 
costatus Shumard ; and, whether distinct or not from the species 
first named, they are very common in our Western Coal-meas- 
ures. P. punctatus of their lists is P. tubulospinus of McChesney ; 
which is scarcely distinguishable from the punctatus. At any 
rate, it is, as remarked by McChesney, very common in the Coal- 
measures "throughout the Western States." The same shell 
also occurs in the same position twenty-eight miles below Wheel- 
ing, in OhidI P. scabriculus of Marcou's list is, beyond reason- 
able doubt, the widely distributed Coal-measure species, P. Bog- 
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ersii of Norwood and Pratten, as it is known to occur there, and 
is figured by Mr. Marcou under the name P. scabriculus, in hia 
N. Am. Geology. P. pustulosits of his list, judging from the fig- 
ure formerly given by him under that name, may be a variety 
of the Bogersiu Spirifer striatus^ var. triplkatus Hall, (= S, fas- 
ciger of Owen's list), is S. cameratus Morton, everywhere common 
in the Coal-measures, and unknown from any lower position, 
S. Bocky-Montawus Marcou, is unknown to the writer from any 
locality east of the Black Hills. S. lineatm of Marcou's list is 
undoubtedly the same shell called S.perplexa by McChesney. 
(Trans. Chicago Acad., 1). It is common in the upper Coal- 
measures of the West, being, as McChesney correctly states, 
found " in the Upper Coal-measures, in almost every part of the 
country where rocks of that age exist." It seems to differ from 
the Subcarboniferous species generally referred to Uneatus mainly 
in being uniformly smaller. Terebratula plavo-sulcata of Owen's 
and Marcou's lists is almost beyond doubt the Athyris orbicuJa' 
vis of McChesney ; at any rate, that is the species figured by Mr. 
Marcou in his North American Geology under the name TerdraJtr 
ula plano-sulcata Phillips. It may or may not be identical with 
Phillips' species ; but, as McChesney correctly states, it occurs in 
" the Coal-measures, particularly the upper portion, extensively 
distributed in the West." Terebratula Boyssii is doubtless the 
Spirigera generally referred to that species in the West, but de- 
scribed by McChesney as Athyris differentis. Whether identical 
or not with the S. Boyssii it is a common Upper Coal-measure 
form, as remarked by McChesney. Terebratula Utah of Marcou is 
a Rhynchonella^ and, as long since shown by the writer and Dr. 
Hay den, is a common companion of the Beizia Mormonii, through 
all the Upper Coal-measures of Kansas and Northwestern Mis- 
souri. Orthis Umbraculum, more properly Streptorhynchvs Umbra- 
culum^ or at least the shell figured under that name by Owen, is 
very common in the Coal-measures of Kansas, and ranges up 
to, if not into, the Permian. 

Ttrebratula bovidens Morton (= T. millepunctata Hall) first de- 
scribed from the Coal-measures of Ohio, is a very common spe- 
cies in rocks of that age in the West, and unknown in any lower 
position. The same may also be said of Spiriferina Kentuckerms 
Shumard. 

So we have here a group of fossils which any geologist, or 
mere amateur collector, acquainted with the forms characterizing 
our Carboniferous and Subcarboniferous rocks of the Mississippi 
valley, would at once, and without a moment's hesitation or 
doubt, refer to the Coal-measures. Some few of them are such as 
appear to be common to the Coal-measures and Subcarboniferous 
rocks, or are supposed to be, but all the others ar€ wholly un- 
known below the horizon of the Millstone grit. 
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Again, it should be remembered that, of the foregoing lists, 
JFttsulma cylindrical the EncrintLS-Wke Crinoid, Spirigera subiilila^ 
Pioductus semireticulaluSj (or CalhouniantLs)^ Produclus costafns^ 
P. Plemingu\ (= hiigispinits)^ Spirifer cameraius, and (h'thia Um' 
braculum, all likewise occur at the very localities, and in the 
very beds, referred by Mr. Marcou to the so-called Upper and 
Lower Dyas. It may also be added that, in the interior of Kan- 
sas as well as at some places in Nebraska and Iowa, all the other 
Belleviie species occur in the very beds called Lower Dyas at 
Plaitesmouth, and some of them, particularly in Kansas, in 
much higher positions. 

In short, all the rocks seen by Mr. Marcou on the Missouri, 
from St. Joseph to the Cretaceous above Belle vue, belong to one 
unbroken series of Upper Coal-measures, as was first shown by 
Prof. Swallow; with possibly theexception of someof the high- 
est out-crops near Nebraska City, where there is a downward un- 
dulation, that may have left portions of the Permian on the 
higher parts of the country. The few little isolated sections 
seen by him constitute but a mere fractional portion ut' this 
series; while his reference of these several outcrops to such 
widely different epochs, and his supposition that the beds he calls 
Mountain Limestone, form island-like masses, between those he 
refers to the Permian or so-cillcd Dyas, were deposited uncon- 
ibrnnably, however honestly believed by him, may be all set down 
as purely imaginary. If he had gone out into the interior, where 
this series is much more extensively developed, and followed 
carefully up the smaller streams, he would have seen exactly the 
same beds he at one place calls Subcarboniferous, and at oth- 
ers Upper and Lower Dyas, with intermediate strata, all follow- 
ing each other in regular succession without the slightest phy- 
sical or paleontological break. He might there also, by the 
same method of examining isolated sections, and applying 
the same lithological tests, and loose interpretation of fossil evi- 
dence, have found material enough to divide the so-called Dyas 
into twenty, or as many more, subdivisions as he pleased. 

In 1859, the writer and Dr. Hayden, who were diroctly inter- 
ested in the Permian discovery, and naturally desired, and confi- 
dently expected, to find somewhere a break between the Permian 
and Ofirboniferous rocks of that region, spent more than a month 
in traversing hundreds of miles of the districts in Kansas where 
these rocks are best developed. They did not hurry from point 
to point, but followed up the valleys of the streams on horse- 
back, with a camping p^^rty, provided with a wajron and team 
for the transportation of supplies, specimens, &c. Yet, after care- 
fully examining the various beds and seams, inch by inch, collect- 
ing all the fossils they could find, and carefully keeping separate 
tiose from the different strata and seams, they completely satisfied 

Am, Joub. Sci.— Second Ssbiss, Vol. XXXIX, No. 116.— Mabch, 1865. 
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themselves tbat there is no where in the whole series any break 
indicating a marked change of physical conditions. They fonnd, 
it is true, alternations of clays, limestones, shales, sandstones, &a, 
but all resting conformably one upon another, and inseparably 
linked together by their organic remains. Startihg from Leaven- 
worth City on the Missouri, where the same Coal-measure roch 
which Mr. Marcou will insist belong, in Iowa, Missouri and Illi- 
nois, to the Mountain Limestone, occur characterized by suck 
fossils as Fusulina cylindrical Spirifer cameraius^ S, plano-conr 
veocus^ (= ClannyanuSy of Mr. Marcou's lists), Proditctus costatu$, 
P. semireticulatusy P, punctatuSj P. cequicostatys, (or at any rate- 
the forms usually so-called in the West), P. Rogersii^ Spin'gera 
subtilitaj Ttrebraiala hovidens^ Beizia Mormoniij Rhynchonella Ulah^ 
&c., (but even here also contiiining a species belonging to the 
same genus, and near the so-called Monotis spduncaria), — ^they 
continued their researches through the succeeding strata to the 
Permian in the interior. Thro^^gh a great thickness of these 
rocks, they found tlie Coal-measure fossils persistent and abund- 
ant, but occasionally associated with a Permian type.' The 
higher they ascended in the series, the greater was the propo^ 
tion of Permian types observed, while the Carboniferoas types 
gradually disappeared, until at last, above a certain horizon, and 
near the upper part of the series, only Permian forms were met 
with, with the exception of the ubiquitous Spirigera snhtilita^ or 
a shell that could not be distinguished from it. (See this Joa^ 
nal, [2], xxvii, 424, 1859 ; Proceed, Acad. Nat. Sci. Phiiad.^ Jan. 
1859, p. 8 ; Dr, Newberry^s Rept Geol, Ives^ Colorado Exped^ p. 
112, &c.) 

One of the most remarkable opinions, however, set forth in 
the paper under review, respecting these rocks is, that all the 
Coal-measures of Northern Missouri, and of Iowa and Illinois^ 
belong, not as supposed by all others, to the horizon of the true 
Coal-measures of Europe, but to the Mountain Limestone series. 
He also thinks that possibly the Coal-measures of Indiana, Ohio 
and Michigan, and a part of those of Pennsylvania, Virginia and 
Kentucky, may belong to this lower horizon. 

That beds of coal occur in the lower part of the Millstone 
grit in Pennsylvania, Western Virginia, portions of Kentucky, 
Tennessee and Arkansas, precisely as in England (see a paper by 
Messrs. Hull & Green, Quart, Jour, Qeol, Soc,j Lond., Mar., 1864^ 
p. 246) — while in the western part of Arkansas a great thick- 
ness of shale, sandstone, &c., above the conglomerate, is believed 

' A considerable thickness of these intermediate rocks were included bj ProC 
Swallow in the Permian. The writer and Dr. Hayden, although satisfied that thii 
intermediate series was not separable by any visible break from the Carboniferoui 
below, or the Permian above, thought that it might be convenient to designate it M 
Permo-Carboniferous. 
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to be barren of coal — are well known facte. But to maintain 
that the Coal-measures of Northern Missouri, Iowa and Illinois 
belong to this or any lower horizon, to say nothing of those of 
the other States mentioned, beneath which the Millstone grit is 
'80 well developed, is to state a proposition the fallacy of which 
is manifest to all who have studied these rocks with even a mod* 
erate degree of care. In the first place, the whole physical 
atracture of our Carboniferous system, and ite relations to the 
Devonian below, and the Permian above, show at once that the 
Coal-measures of the Mississippi valley occupy precisely the 
same horizon as those of Europe. Here, as there, we have first, 
above the Devonian, the Subcarboniferous or Mountain Lime- 
stone group ; then the Millstone grit, and above the latter the 
regular Coal-measures, which in Kansas, shade graduallv upward 
into the Permian. The existence of the extensively cleveloped 
regular Coal-measures above the. Millstone grit in Pennsylva- 
nia, Western Virginia, Ohio, Kentucky, Tennessee, Indiana, and 
Southern Illinois, are facte so well known as scarcely to need 
mentioning here. It is true that the Millstone grit, which is fouud 
from four to five hundred feet in thickness beneath the Coal- 
measares of Southern Illinois,* thins out in a north-westerly di- 
rection, so that, farther north in Illinois, in Iowa and Missouri, 
the Coal-measures are found reposing directly upon the Sub- 
carboniferous rocks. If we take this as an evidence, however, 
that the Coal-measures there belong to the Mountain Limestone 
aeries, we might upon the same principles argue that at other 
places in these states the coal-bearing strata belong to the De- 
vonian, or even to the lower part of the Lower Silurian ; for 
it 18 well known that, at some localities there, all the intermediate 
rocks are wanting, and the Coal-measures are found in direct 
oontact with these older rocks. 

If we had no stratigraphical evidence, however, in regard to 
the parallelism of our Coal-measures with those of Europe, their 
flora alone would be sufficient to settle this question. Lesquer- 
cux, who was especiallv commissioned to study the fossil plants 
of the Coal-measures m connection with the State surveys of 
most of the Western States, containing Upper Carboniferous 
rocks, including Illinois, says, "if we admit the generic distribu- 
tion of the fossil plants of the coal, as it has been established by 
Brongniart in his Tableau des Oenres (certainly the best that has 
been attempted, either before or after him), all the European 
genera, even the undefined genus Aphltbia Sternb., have repre- 

* Mr. H. EngelmanD, an assistant in the Illinois State Geographical Survey, gives 
it* thickness in the sonlhem part of that State at five hundred feet, and gives a 
Mction showing it to rest upon the upper Archimedes Limestone group, everywhere 
regarded as the upper member of the Subcarboniferous or Mountain Limestone 
aeries. {^Traru, Acad, 8ci., 8t Lwlu, Not. 1862, p. 188.) 
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sentative species in the Coal-fields of America."" He also shows 
by tables in the same article, that out of a list of about 350 known 
species of oiir Coal-measure plants, 150, or approaching one-hal^ 
are identical with European Coal-measure species. Dr. J. S. New- 
berry, an equally good authority in this department of paleon-* 
lology, had previously arrived at very nearly the same conclu- 
sion, Yrora a careful study of the Carboniferous flora of Ohio and 
some of the neighboring states." 

In regard to the identity of the Coal-measures of Illinois, 
with the regular Coal-measures (overlying the Millstone grit) 
of Ohio, Pennsylvania, Kentucky, and other neighboring states, 
it is only necessary to again quote Lesquereux, who has given 
especial attention to tracing out the parallelism of the sulwrdi- 
nate beds at distantly separated localities in the coal fields of the 
Middle and Western States. On this point he says, (this Jour., 
[2], XXX, 367,) "Such is, nevertheless, the uniformity of the 
distribution of the strata of our coal-basins, that a section made 
in Western Illinois or Western Kentucky, or in any part of the 
coal-fields in these States, will prove comparatively similar (that 
is with some differences in the thickness of the strata,) to any 
section made in the coal-fields of Pennsylvania or Ohio." Noir 

*• This Journal, [2], xxx, 65. 

" The fauna of our Coal-measures has not been compared with that of the eqni?- 
alent rocks of Europe, iw the same detail as its flora. Indeed, judging from the pub* 
lications on ihe Molluska, luid other invertebrate remains of the European Coal* 
measures, our Kocks of this age, particularly the upper members in the West, are 
far richer in anitnal remams than those of the Old World. Another fact that gires 
to our Coal-nieasure fauna a more Subcarboniferous aspect is, that during the depoai* 
tion of these rocks in tliis country the sea seems to have much more frequently re* 
occupied the area <»f these formations than in the Old World. For, whatever theory 
Tve adopt in regard to the formation of coal, to meet all the requirements of tbi 
phenomena here presented, we must admit the frequent presence of the sea, sinoi 
we find Corals, Rrachiopods, Crinoids, marine types of Oasteropods, Acephals, k^ 
occurring throut^h hundreds of feet of Coal-measure rocks in the West. Indeed, 
during more than twenty year»' familiarity with the fossils of the Western Coal- 
measures, the writer has never met with any fresh or brackish -water types or terres- 
trial remains, other than plnnts. Tne presence of these marine remains is not the 
exception, but the rule, particularly in the upper a^id middle members of the ^est* 
ern Coal-measures ; they are found over wide areas, and through great thicknesses 
of strata, and in a profusion and state of preservation that precludes the possibilitj 
of accounting for their presence by the supposition tbat.tliey were ttansported there 
by currents or earthquake waveei. 'Jliey occur not only in tlie limestones, shalei^ 
sandstones, <&c., alternating with the numerous seams and beds of coal, but in some 
rare instances directly in the cnal itself The writer has a specimen of impure coal 
from Illinois, in which there is a very thin AvictUopeeten entit%ly replaced by pyrites 
whii'h, when the block of coal was first broken open, presented almost the brilliancj 
of burnished gold. In Ohio also, numerous shark teeth and entire specimens uf 
oth«r mstrioe fishes have been found by Dr. Newberry embedded directly in cannel* 
coal. (See this Journal, [2|. xxiii, 212.) Dr. Newberry also found, at another kh 
cality in Ohio, specimens of So/einj/n (a marim^ shell), flnttened betwcten the lamioft 
of gJKKlcoal. In other instances, beds of coal are known to slmde ^ipward intoi 
black, nit ire or less richly bituminous mass, containing great ntmibera of the sbeHi 
of HrHchioiK)da, the delicate, unbroken spines of which can be seen piercing like 
.JQeedies the black matrix;. 
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this conclusion, it should be remembered, is not based upon 
structure alone, or other lithological characters, but also upon a 
careful and thoroughly scientific investigation and comparison of 
the fossil plants characterizing each bed or subordinate stratum. 

But it is not alone upon the evidence of structure, and their 
fossil flora, that the Illinois Coal-measures are known to belong 
to the same horizon as the regular Goal-measures of Indiana, 
Kentucky, Ohio, Pennsylvania, &c., for we have also the unmis* 
takable evidence of its group of animal remains. It is true, as 
in all other formations, species sometimes occur in these rocks in 
one St-ate that do not in another, but a miscellaneous collection 
of shells, Corals, Crinoids, Bryozoa, &c., from the Coal-measures 
of any part of Illinois, would be at once referred to that horizon 
by any person familiar with the forms characterizing rocks of 
the same age in any of the States above mentioned. Long lists 
of species might be cited to illustrate this point, but it is wholly 
unnecessary; we may remark, however, that Pleurotomaria 
sp/uerulaiaj P. tabulaia, Euomphalus catilloideSj and Macrochtilus 
primigeniits, of Conrad, which are among the most characteris- 
tic fossils of the Coal-measures, not only in Illinois, but in Iowa, 
Missouri, and in part in Kansas, were first described by Mr. 
Conrad from the regular Coal-measures of Western Pennsylvania. 

In relation to the Coal-measures of Illinois belonging to the 
same horizon as those of Missouri and Iowa, it is scarcely neces* 
sary to say anything, as all in this country who have given any 
attention to the subject know this to be the case, and even Mr. 
Marcou admits it. Indeed, we have the clearest evidence that 
the Illinois Coal-field was once continuous with that of Missouri 
and Iowa, from which it is onl}^ separated by the broad valley of 
denudation scooped out by the Mississippi river. Following the 
Missouri and Iowa Coal-field westwara, we find that it passes 
uninterruptedly into Kansas and the southeast corner of Nebraska 
— the valley of the Missouri, owing to the northwestward incli- 
nation of the strata, not going deep enough to cut it into two 
distinct fields. 

Throughout all this area, these rocks are characterized by essen- 
tially the same fauna. As in all other formations, some species 
are local in their geographical range, but the majority are not, 
and, as elsewhere stated, most of them range into the Goal-meas- 
ures of Kentucky, Indiana, Ohio, and some even into Pennsyl- 
vania, while comparatively very few of them have even been 
Buspeoted of being identical with forms occurring in any lower 
portion. 

A» much of the evidence relied upon in this review in dis- 
cussing the relations of the Western Carboniferous and Permian 
rocks, is derived from the presence or absence of certain types 
of Brachiopoda, it is but fair that we should not dismiss this part 
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of the subject without letting it be known that Mr. Marcoa doei 
Dot admit the validity of the testimony of this class of Mollasloi 
His remarks on this point, however, are so extraordinary, tbaty 
for fear of being suspected of having done him an injustice in 
the translation, they are here given in his own words, and in bis 
own language. They are as follows: — *' Je suis arriv6 k la con- 
viction qu' apr^ les foraminif^res, les brachiopodes sont les plus 
maa vaises fossiles dont on puisse se servir comme fossiles caract^* 
istiques des formations, et qu'en r^alit^ ils ne sont meme pas da 
tout les LeitmtischeL J' ignore ou les zoologistes placent les 
brachiopodes, ou meme s'ils sont d' accord entre eux sur la place 
i, leur assigner ; mais ces sont certainement des etres tres-infe- 
rieurs et plus bas m^me dans la s^rie que les coraux, si j'en juge 
4u moins d'apr^s leur utility pour la geologic pratique." 

This is certainly very hard on the Brachiopoda; it was bad 
•enough to place them in any sense of the word below the Corate 
but to deny them the right, noxt to the Foraminifera, to tes* 
Cify in regard to the age of the very rocks to which their shells 
have so largely contributed is still worse. Whatever zoologists 
may think of this view respecting the rank of the Bracbiopodai 
they will certainlv accord to it the merit of originality. Geolo- 
gists and paleontologists, however, are not likely to agree with bim 
in regard to the value of this class of Mollusks as a means of 
distinguishing strata, as their almost united testimony goes di- 
rectly to the contrary. Various quotations might be made to show 
^his ; but one from Mr. Thos. Davidson of London, the highest 
authority on the Brachiopoda, particularly the fossil forms, will 
he sufBicient. After speaking of their almost universal distriba- 
tioh in marine strata, he says, ** their value to the geologist is 
consequently very great; and, as they so commonly fall under 
bis hammer, where other classes are often but sparingly repre- 
sented, they must, therefore, be looked upon as excellent data for 
the age of deposits; for, although some few individual forms 
pass from one stage to another, the generality are limited to defi- 
nite horizons."" 

That in the hands of one who first makes up his mind in re- 
gard to the age of a formation from its color and other litbolog- 
ical characters, and then sets to work to interpret its fossils ao- 
<eordingly, without the ability or inclination to discriminate be- 
tween tlie genera Terebratula, Spirigera^ Belzia^ and RliynchondJa^ 
the iBrach^io^oda will be found of little use, and their testimony 
discordant, is <quite natural to suppose. Under other circum- 
stances, however, the result is always very different. Yet after 
all, the Brachiopoda have less reason to complain of Mr. Mar- 
cou's practical, than of iiis theoretical dealings with them, for 

^ British JFoa«. Brach. GenL latrodttction, p. 1. 
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it will be remembered that, so far as be relied at all upon pa- 
leoQtological evidence, be identifies the rocks at Bellevue, with 
a particular formation in New Mexico, and both with the Moun- 
tain Limestone of Europe, almost sokly upon the testimony of 
oertain Brachiopoda. 

After completing his researches in the region of Bellevue, 
Mr. Marcou continued his progress up the Missouri to examine 
a sandstone formation extending along that stream for some dis* 
tance below S\oux City, located at the month of Sioux River. 
In regard to the age of this formation, the readers of this Journal 
will remember that Mr. Marcou and some geolocists in this coun- 
try have differed widely. In 1853, the writer and Dr. Hayden ex- 
amined it while returning from an expedition to the Bad Lands for 
Prof Hall. They found but a few badly preserved fossils in it, but 
left the locality under the impression that it was probably Cre- 
taceous, as it was immediately overlaid by rock undoubtedly of 
that age; which opinion was adopted in a paper published by 
Prof. Hall and the writer in Afem. Am. Acad. Arts andSui., 1856. 

In his Geological Map, however, of N. America, published in 
1855, {Ann. des Mines, [2], vii), Mr. Marcou had colored this 
rock here on the east side of the Missouri, Mountain Lims' 
stone, and along the west side. New Bed ihndstone. 

In papers published in 1856-7, Dr. Hayden and the writer 
still maintained that it was of Cretaceous a^e. 

Again, in 1858, in reissuing his Geological map, along with 
his Geology of North America, Mr. Marcou left this' rock colored 
as before on both sides of the Missouri, and on page 143 of the 
Geology, says, *'the red formation of the vicinity of Sioux City, 
lying upon the Carboniferous rocks, is of the age of the New 
Betl Sandstone." 

About the same time. Dr. Hayden and the writer maintained 
that the numerous modern types of dicotyledonous leaves found 
in this rock could not belong to an older epoch than Cretaceous. 
But in a paper published in the Archives des Sci. Biblioiliique Uni' 
verselle, June, 1858, Mr. Marcou unhesitatingly referred it, from 
our later description, to the Jurassic. Being perfectly satisfied 
that even this could not be the case, and in order to convince 
Mr. Marcou and others of the fact, the writer made sketches of 
some of the leaves found in this rock, and sent them to Prof. 
Oswald Heer, of Zurich, Switzerland, one of the most eminent 
botanical paleontologists of Europe, Dr. Newberry, one of our 
best authorities in this department of paleontology, being then 
in New Mexico. Before Prof. Heer's reply was received, Dr. 
Newberry returned, and the specimens of fossil leaves were 
submitted to him, and he fully agreed with us that the rock 
must be Cretaceous. The modern affinities of the leaves 
showed it could not be older, and its position beneath unques- 
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tionable Cretaceous strata, in a district where the undisturbed 
coadition of all the rocks precluded the supposition that there 
might have been an overthrow, settled the question that it could 
not be newer. 

Soon after Dr. Newberry's return, a letter was received from 
Professor Ueer, who was evidently deceived by the unusually 
modern affinities of the leaves (and doubtless, though un- 
consinoiisly to himself, in some d'gree by the theoreticiU views 
of Mr. Marcou, who was then in Zurich), stating that he could 
not regard these leaves of Cretaceous age, but that they appeared 
most nearly allied to Miocene types. Almost simultaneously, a 
printed pamphlet w«s issued by Mr. Marcou at Zurich, addressed 
to Meek and ilayden, in which he took the ground that they 
had included in this leaf-bearing formation all sorts of rock-*, 
except infj Cretaceous, and endorsing Prof Heer's suggestion that 
the beds containing these leaves are of Miocene age. 

Notwithstanding the fact that Dr. Hayden and the writer had 
against them as weighty an authority as Prof Heer, tlfey coq- 
tinued to maintain that the rock is, nevertheless, Cretaceous. 

After having expressed so many and such widely different 
opinions in regard to the age of this formation, we may readily 
understand that it must have been with no ordinary degree of 
interest that Mr. Marcou caught the first glimpse of these sand- 
stone escarpments as he ascended the Missouri ; especially as he 
had with him a skilful botanical paleontologist, to assist in un- 
raveling the knotty question. Afler a thorough exploration, 
however, of the various out-crops in the vicinity of Sioux City, 
and along the Missouri below there, both of these gentlemen 
completely satisfied themselves that this formation ts Cretaceous, 
and only Cretaceous, as had been from the first maintained by 
all in this country. This they both stated in conversation at 
Washington City, and Mr. Marcou frankly admits it in the paper 
under review. And thus ends one long mooted question in the 
geology of the West. 

There are a few points, however, in regard to this formation, 
upon which the writer cannot agree with Mr. Marcou. In the 
first place, be (Mr. Marcou) considers it a fresh-water formation, 
because he found in it shells of a Gyrena ; (for which he pro- 
poses the name G. Nova-Mexicana, from the supposition that it is 
identical with a species found by him in New Mexico). This is 
undoubtedly the Gyrena arenaria of Meek & Hayden," which 
was long since described from the same locality and position. Its 
presence there, however, by no means proves this to be a fresh- 
water deposit, since the writer and Dr. Hayden found directly 

^' We first described it as a CypritM^ from imperfect specimeDs, but afterward 
referred it to the genus Cyrena. 
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aasociAted with it casts of an Axincea (» Pectunculiis), figured and 
described by Hall and Meek in the Memoirs Am. Acad. Arts 
and ScL Dr. Hayden and the writer have also described from 
there a Mactra, under the name M. Siouxensis, and a Pharella, 
As Pectunculus and Mactra are marine genera, and Pharella and 
Cyrena are brackish -water types, it is manifest that this rock 
was deposited in a bay or estuary, which must have been alter* 
nately brackish, and salt enough to sustain marine Mollusks. The 
nature of the sediment composing it, as well as the numerous 
leaves and even trunks of trees, at some places found in it, at- 
test the fact of its being a shore deposit. 

Again, while admitting this to be a Cretaceous rock, Mr. 
Marcou seems to think he is differing from Meek & Hayden, in 
not referring it to the oldest Cretaceous, and in placing it on a 
parallel with the New Jersey Cretaceous. In this, however, he 
18 mistaken. We placed it at thebnse of our section of the Cre- 
taceoue rocks of the Upper Missouri Country^ which position it un- 
doubtedly holds. But we have not, in our more recent papers, 
especially referred it, even provisionally, to the horizon of 
the oldest Cretaceous of Europe. By looking at our paper 
published in the Proceed, Acad. Nat. Sci. Philad., Dec, 1861, 
page 418, it will be seen that we there refer this rock to the 
position of the Gray Chalk of English geologists. It will also 
DC seen there, and in our other papers, that we have, almost 
from the first, maintained that this formation is the exact equiv- 
alent of the leaf-bearing beds on Raritan River, New Jersey, 
forming the inferior member of the Cretaceous rocks of that 
State. 

Mr. Marcou also has some remarks on the question of the par- 
allelism of this sandstone and the overlying Inoceramus beds, 
with the upper part of his Pyramid Mountain section in New 
Mexico. We have not the space to enter upon the discussion of 
this question here, nor is it necessary. The able review of this 
whole suWect in Dr. Newberry's report as Geologist of Ives's 
Colorado Expedition, and Dr. Shumard's several papers on the 
geology of Texas, place this question in so clear a light that 
probably no one but Mr. Marcou has any doubts on the subject. 

Note on a new Crinoid, re/erred to on page 164. — Since the re- 
marks on page 16i were in type, Mr. Worthen has sent me speci- 
mens of the Crinoid there alluded to, from the Coal-measures 
of Illinois, which show that, however much it may resemble 
Eiicrinus, it still presents differences of structure believed to be 
of generic importance. These differences consist in the presence 
of a series of true subradial pieces ; while it differs from the struc- 
ture (at least the normal) of Encriuus^ in having but two primary 
radials^ instead of /Aree, in each ray. A European specimen 

Am. Joub. Sol— Second SsBnes, Yoi^ XXXIX, No. 116.*^MiaQ%^ l^Bft^ 
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of Encrinus in the private collection of Smitbson, deposited at 
the Smithsonian Institution, shows five very minute pieces with- 
in those generally considered the basal plates. K tnese minute 
pieces were developed so as to assume the character of true 
oasal plates, then those generally regarded as such would become 
subradials, as in our Crinoid. As this, however, seems never to 
have been the case in true Encrinus^ it is reasonable to infer that 
our Carboniferous form presents other differences entitling it to 
rank as the type of a distinct genus. The genus may be named 
and characterized as follows : 

Erisocrinus, Meek & Worthen. Basal plates 6 ; subradials 
5; radiais 2x5; anal and interradial pieces none. Column 
and arms unknown. We know the following species : — 

1. E, typu8 M. & W. — Body, below the summit of the firet 
radial pieces, basin-shaped, rounded below, and subpentagooal 
in outline above; composed of thick, smooth, scarcely convex 
plates ; breadth 0*60 inch, height 0*24 inch. Basal pieces small, 
about hialf hidden by the column ; subradials three times as 
large as the basal pieces, equally .hexagonal ; first radial pieces 
much larger, of equal size and form, being all wider than long, 
pentagonal in outline, and broadly truncated above for the re- 
ception of the succeeding radiais, which are nearly as large, 
equally pentagonal, and support upon their superior sloping 
siaes either the first brachial pieces, or a series of secondary ra- 
diais. — From the Coal-measures, near Springfield, 111. 

2. E. Nebrascensis M. & W. — Differs from the foregoing in 
having the cup below the summit of the first radiais proportion- 
ally deeper, in consequence of the larger size of the subradial 
pieces, but may be only a variety of tne same. Breadth, 0*69; 
neight to top of first radiais, 0*35 inch. — ^From the Coal-measures, 
Bellevue, Nebraska. 



Art. XXT. — Analysis of a Carbonate of Lime and Manganese^ 
{Sparlaite of Breithaupt^) from Sterling^ Sussex County^ New 
Jersey; by S. W. Tyler, A.B. Communicated, with remarks, 
by C. U. Shepard. 



More than a year since I supplied Mr. Tyler (a graduate of 
this College) with very fresh specimens of this mineral, to be 
analyzed during his residence at the Gottingen Laboratory. He 
has just forwarded to me, under date of Nov. 10th, the results 
he has obtained. 

**Sp. gr. =2*815. Before the blowpipe, decrepitates and be- 
comes black without fusing. With soda and microcosmic salt, 
gives the well-known reaction of manganese. Not acted on 
by acetic acid, but dissolves easily with effervescence in odd 
chJorhydric acid. 
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Analysis gives, 

MnO, . . . . 13-79 1 

Ca O, . . . 43-65 V as 1:4:5, 

C02, . - . . 42-01 ) 

which leads to (iMnO+jCaO) CO* as the formula of the 
species. 

Calculated. Obtained. 

MnO, . . • . 13-79 . . . 13-79 

40a O, 1 . . 43-49 . • . 4305 

5C0», .... 42-72 . . •. 4201 

10000 99-45" 

This is the same mineral as that referred to by Bammelsberg, 
page 209 of his Handbuch der Mineralchemte^ as analyzed by 
Jenzsch and Bichter with the following results : 

By Jenzsch. By Richter. 

Carbonic acid, . . 40*77 . . . 44*04 
Lime, . . . 48'76 . . . 47-92 

Magnesia, . • • 0*92 . . . 1*21 



Protox. iron . . 0-38 ) 

Prolox. manganese, . 6*83 ) 

Oxyd of zinc, . . 0*38 

Water, .... 0*32 . 



7*18. 



98-35 100-30 

Bammelsberg gives the following as an approximative formula, 
baaed on the foregoing : 

Begarding the magnesia, iron and zinc as accidental, I have 
only to add, respecting the species, that in color it is generally a 
very pale reddish white, and where associated with dysluite and 
jeffersonite (hedenbergite) of a bluish gray tint, sometimes (from 
partial decomposition) yellowish or reddish brown. It cleaves 
with facility; and the rhombohedrons thus obtained afford, both 
by the common and the reflective gonionleter, angles rather 
over than under 106®. The planes are striated parallel to their 
longer diagonals. With borax before the blowpipe the character- 
istic manganese reaction is speedily produced. 

This mineral had for years been recognized in my cabinet as a 
double carbonate of lime and manganese, and called by me cal- 
cimtingite, a denomination which I have only recently learned 
bas been anticipated by Breithaupi's Spartaite, But as this last 
name is so nearly synonymous with Spartalite, (given in 1852 
by Brooke and Miller, to the red oxyd of zinc), I would suggest 
the substitution of calcimangite for it, as an appellation that may 
lerve to prevent confusion, the more especially as the two min- 
eitlB occur together. 

Anhent College, Dec 14, lS6i. 
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Art. XXII. — Contributions to the Ghemutry of Natural Waters; 

by T. Sterry Hunt, A.M., F.RS. 

• 
It is proposed to divide this essay into three parts, in the first 

of which will b.e considered some general principles which must 

form the basis of a correct chemical history of natural waters. 

The second part will embrace a series of chemical analyses of 

mineral waters from the Paleozoic rocks of the Champlain and 

St. Lawrence basins, together with some river- waters ; and the 

third part will consist chiefly of deductions and generalizations 

from these analvses. 

I. 

Ck>NTENT8 OF Sectioxs.— 1, atmospheHc waters; 2, 8» results of vegetable decsf; 
4-7i nctioD on rocky sediments ; 8, action on iron-oxyd ; 9, solution of alumint; 
10, reduction of sulphates ; 1 1, kaoliiiiz^Uion ; 12» decay of silicates; 18, origin 
of carbonate of soja; 14, Bischof'a view rejected; 15, 16, poro»ity of roda, 
and their cuntnined stdinc waters; 17» saliferous strata: IS, action of carbtia* 
ate of soda on saline waters; 19« origin of sniphate of ma^esia; 20, 21, Hit* 
Bcherlich's view rejected ; 22, 23, salts from evaporating^ sea- water, composition 
of ancient sea-s origin of carbonate of lime ; 25-27. origin of gypsum, carbon* 
ate of magnesia, and dolomite; 28, waters from oxydized sulphurets ; 20, origin 
of free sulphuric and chlorhydric adids; i^O, of sulphhydric and boric acids; 
81. of carbonic acid gas; 82, of ammoniacal salts; 88-86, classification of 
inincnd waters. 

§ 1. The solvent powers of water are such that this liquid is 
never met with in nature in a perfectly^pure state ; even meteoric 
waters hold in solution, besides nitrogen, oxygen, carbonic acid, 
nmrnonia, and nitrous compounds, small quantities of solid mn^ 
ters which were previously suspended in the form of dust in the 
atmosphere. Alter felling to the earth, these same waters be- 
come still. farther impregnated with foreign elements of very 
variable nature, according to the conditions of the surface oa 
"whioh they fall. 

§ 2. Atmospheric waters, coming in contact with decaying 
vegetable matters at the earth's surface, take from them two 
classes of soluble ingredients, organic and inorganic. The 
waters of many streams and rivers are colored brown with dig- 
"Solved organic matter, and yield, when evaporated to dryness, 
colored residues which carbonize by heat. This organic sub- 
stance, in some cases at least, is azotized^ and similar if not iden< 
tical in composition and properties with tlie apocrenic acid of 
Berzelius. The decaying vegetation, at the same time tJiat 
it yields a portion of its organic matter in a soluble forai, 
parts with .the mineral or cinereal elements which Jt Jiad re- 
moved from the soil during life. The salts of potassium, calcium, 
and magnesium, the silica and phosphates which are so essential 
to the growing plant, are liberated during the process of decay, 
4ind hence we find these elements almost wanting in peat and 
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coal. See, on this point,^ the analyses by Vohl of peat, peat-moss, 
and the soluble matters set free during its deccay. Ann, der 
(Jhem, vnd Pharm., cix, 185, cited in Bep. C/nrn, Applfquee, i, 289. 
Also Liebig, analysis of bog- water; fjCtUrs on Mcnkm Agncul- 
ture, p. 44 ; and, in the second part of this paper, the analysis of 
the waters of the Ottawa river. 

§ 8. At the same time, an important change is effected in the 
gaseous contents of the atnwDspheric waters. The oxygen 
which they hold in solution is absorbed by the decaying organic 
matter, and rephxced by carbonic acid, while any nitrates or 
nitrites which may be present are by the same means reduced to 
the state of ammonia (Kuhlmann). By thus losing oxygen, and 
taking up a readily oxydizable organic matter, these waters be- 
come reducing instead of oxydizing media in their farther 
progress. 

§ 4. We have thus far considered the precipitated atmospheric 
waters as remaining at the earth's surface, but a great portion of 
them sooner or later in their course come upon permeable strata 
by which they are absoH)ed, and in their subterranean circula* 
tion undergo important changes. The effect of ordinary argil- 
laceous strata destitute of neutral soluble salts may be iirst ex- 
amined. Between such sedimentary strata and the waters 
charged with organic and mineral matters from decaying vege* 
tation, there are important reactions. The composition of these 
waters is peculiar. They contain, relatively to the sodium, 
a large amount of potassium salts, besides notable quantities of 
silica and phosphates, in addition to the dissolved organic mat* 
ters and tne earthy carbonates, and in some cases ammoniacal 
salts and nitrates or nitrites. The sulphuric acid and chlorine 
are moreover not sufficient to neutralize the alkalies, which are 
perhaps in part combined with silica or with an organic acid. 

§ 5. The experiments of Way, Voelcker, and others have 
shown that when such waters are brought into contact with ar- 
gillaceous sediments, they part with their potash, ammonia, sil* 
ica, and phosphoric acid and organic matter, which remain ia 
combination with the soil; while, under ordinary conditions at 
least, neither soda, lime, magnesia, sulphuric acid nor chlorine 
are retained. This power of the soil appears from the experi- 
ments of Eichhorn to be in part due to the action of hydrated 
double aluminous silicates ; and the process is one of double 
exchange, an equivalent of lime or soda being given up for the 
potash and ammonia retained. The phosphates are probably 
retained in combination with alumina or peroxyd of iron ; and 
the silica and organic matters also enter into insoluble combina- 
tions. It follows from these reactions that the surface-waters 
charged with the products of vegetable decay^ after having been 
brought in contact with argillaceous sediments, retain litue else 
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than sulphates, chlorids, or carbonates of soda, lime and mag- 
nesia. In this way the mineral matters required for the growia 
of plants, and by them removed from the soil, are again restored 
to it; and from this reaction results the small proportion of 
potash salts in the waters of ordinary springs and wells as com- 
pared with ri\rer- waters. From the waters of rivers, lakes, and 
seas, aquatic plants again take up the dissolved potash, phos- 
phates, and silica ; and the subsequent decay of these plants in 
contact with the ooze of the bottom, or on the shores, again re- 
stores these elements to the earth. See a remarkable essay by 
Forchhammer, on the composition of fucoids, and their geologi- 
cal relations, Jour, fur PrakL C/iem., xxxvi, 388. 

§ 6. The observations of Eichhorn upon the reaction between 
solutions of chlorids and pulverized chabazite, which, as a hy- 
drated silicate of alumina and lime, may perhaps be taken as a 
representative of the hydrous double silicates in the soil, shov 
that these substitutions of protoxyd bases are neither complete 
nor absolute. It would appear, on the contrary, that there takes 
place a partial exchange or a partition of bases according to 
their respective affinities. Thus the normal chabazite in pres- 
ence of a solution of chlorid of sodium exchanges a large por- 
tion of its lime for soda; but if the resulting soda compound be 
placed in a solution of chlorid of calcium, an inverse substitu- 
tion takes place, and a portion of lime enters again into the sili- 
cate, replacing an equivalent of soda ; while, by the action of a 
solution of chlorid of potassium, both lime and soda are, to a large 
extent, replaced by potash. In like manner, chabazite in which 
by the action of a solution of sal-ammoniac, a part of the linie has 
been replaced by ammonia, will give up a portion of theammonia, 
not only to solutions of chlorids of potassium and sodium, but 
even to chlorid of calcium. It results from these mutual decom- 
positions, that there is a point where a chabazite containing both 
lime and soda, or lime and ammonia, would remain unchanged 
in mixed solutions of the corresponding chlorids, the affinities 
of the rival bases being balanced.* Inasmuch, however, as the 
proportions of ammonia and potash in natural waters are usually 
small, when compared with the amounts of lime and soda 
existing in the form of hydro-silicates in the soil, the result of 
these affinities is an almost complete elimination of the ammonia 
and potash from infiltrating waters. 

§ 7. That the replacement of one base by another in this way 
is not complete is shown, moreover, by the experiments of Lie- 
big, Dehdrain and others, who have observed that a solution of 
gypsum removes from soils a certain amount of potash-salt, 
which was insoluble in pure water. In this way gypseous waters 
may also acquire portions of sulphate of soda, and perhaps of 
sulphate of magnesia, from silicates. 
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It is not certain that all the above reactions observed for 
chabazite are applicable without modification to the double hy- 
dro-aluminous silicates of sedimentary strata. Were such the 
case, important changes might, in certain conditions, be effected 
in the composition of saline waters. Thus, in presence of a great 
amount of a hydrous silicate of lime and alumina^ solutions of 
cblortd of sodium might acquire a considerable amount of 
chlorid of calcium ; but it is probable that these reactions, how- 
ever important they may be in relation to the soil, and to sur« 
face-waters with their feeble saline impregnation, have at present 
but little influence on the composition of the stronger saline 
waters. It is, however, not impossible that the action of the 
ancient sea- waters, holding a large amount of chlorid of calcium, 
upon the hydrated and half-decomposed feldspars which consti- 
tuted the clan's of the period, may have given rise to those double 
silicates whicb formed the lime-soda feldspars so abundant in the 
Labrador series, 

§ 8. The reactions just described assume an importance in the 
case of waters impregnated with soluble matters from vegetable 
decay, and in this event another and not less important class of 
phenomena intervenes, which are due to the deoxydizing power 
of the dissolved organic matter. By the action of this upon the 
insoluble peroxyd of iron set free from the decomposition of 
ferruginous minerals and disseminated in the sediments, pro- 
toxyd of iron is formed, which is soluble both in carbonic acid, 
and in the excess of the organic (acid) matter. By this means, 
not only are great quantities of iron dissolved, but masses of 
sediments are sometimes entirely deprived of iron-oxyd, and 
thus beds of white clay and sand are formed. The \yaters thus 
charged with proto-saltsof iron absorb oxygen when exposed to 
the air, and then deposit the metal as hydrated peroxyn, which 
when the organic matter is in exces?, carry down a greater or less 
proportion of it in combination. Such organic matters are rarely 
absent from limonite, and in some specimens of ochre amount 
to as much as fifteen per cent." The conditions under which 
hydrous peroxyd of manganese is often found are very similar 
to those of hydrous peroxyd of iron, with which it is so fre- 
quently associated ; and there is little doubt that oxyd of man- 
ganese may be dissolved by a process like that just pointed out. 
A portion of manganese has been observed in the soluble mat- 
ters from decaying peat-moss; and it seems to be generally 
present in small quantities* with iron in surface-waters. 

§ 9. There is reason to believe that alumina is also, under 
certain conditions, dissolved by waters holding organic acids. 
The existence of pigotite, a native compound of alumina with 
an organic acid, and the occasional association of gibbsite with 

* Geology of Canada, p. 612. 
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limonite point to such a reaction. That it is not more abundant 
in solution, is due to the fact that, unlike most other metallio 
oxyds, alumina, instead of being separated in a free state bjthe 
slow decomposition of its silicious compounds, remains in com- 
bination with silica. The formation of bauxite, a mixture of 
hydrate of alumina with variable proportions of hydrous per* 
oxyd of iron, which forms extensive beds in the Tertiary sedi- 
ments of the great Mediterranean basin, indicates a solution of 
alumina on a grand scale, and perhaps owes its origin to the de- 
composition of solutions of native alum by alkaline or earthy 
carbonates. Emery, a crystalline anhydrous form of alumina, 
has doubtless been formed in a simihir manner. See this Journal, 
[2] xxxii, 287. The existence in many localities of an insoluble 
sub-sulphate of alumina, websterite, in layers and concretionary 
masses in Tertiary clays, evidently points to such a process. 
Componnds consisting chiefly of hydrated alumina are frequently 
found in fissures of the chalk in England. On the absence of 
free hydrated alumina from soils, see Muller, cited in this JoQ^ 
nal, [2J XXXV, 292. 

§ 10. The organic matter dissolved by the surface-watere 
serves to reduce to the condition of sulphurets the various sol- 
uble sulphates which it takes up at the same time or meets with 
in its course. These sulphurets, decomposed by carbonic acid, 
which is in part derived from the atmosphere, and in part from 
the oxydatiori of the carbon of the organic matter, give rise to 
alkaline and earthy carbonates on the one hand, and to sul- 
phuretted hydrogen on the other. In this way, under the influ- 
ence of a somewhat elevated temperature, are generated sulphur- 
ous waters, whether of subterranean springs, or of tropical sea- 
marshes and lagoons. The reaction between the sulphurets thus 
formed and the salts or oxyds of iron, copper and similar metals 
which may be present, gives rise to metallic sulphurets. The 
decomposition of sulphuretted hydrogen by the oxygen of the 
air, produces native sulphur, with which are generally found 
associated sulphates of lime and strontia. By virtue of these 
reactions, soluble sulphates of lime and magnesia may be com- 
pletely eliminated from waters, the bases as insoluble carbon- 
ates, and the sulphur as sulphuretted hydrogen, free sulphur, ora 
metallic sulphuret. Moreover, as Forchhammer has pointed out 
in the paper already cited, sulphuret of potassium in the pres- 
ence of ferruginous clays is also completely separated from solu- 
tion, the sulphur as sulphuret of iron, and the alkali as a double 
aluminous silicate. 

§ 11. We have thus far considered the composition of surfiice- 
waters as modified by the decay of vegetation, or by the reactions 
between the matters derived from this source and the permeated 
sediments. Not less important, however, than the elements thus 
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removed b/ substitution from sedimentaiy strata are those 
which are liberated by the slow decomposition of the minerals 
composing these sediments. 

It has long been known that in the transformation of a feld- 
spar into kaolin the double silicate of alumina and alkali takes 
up a portion of water, and is resolved into a hydrous silicate of 
alumina; while vthe alkali, together with a definite portion of 
silica, is separated in a soluble state. The feldspar, an anhydrous 
double salt formed at an elevated temperature, has a tendency 
under certain conditions to combine at a lower temperature with 
a portion of water, and break up into two simpler silicates. 
Daubrfe has moreover shown that when kaolin is exposed to a 
heat of 400° C. in presence of a soluble silicate of potash the 
two silicates unite and regenerate feldspar. These reactions are 
completely analogous to those presented by very many other 
double salts, ethers, amids, and similar compounds. The pre* 
liminary conditions of this conversion of feldspar into kaolin 
and a soluble alkaline silicate, however, still require investiga- 
tion. It is known that while some feldspathic rocks appear 
almost unalterable, others containing the same species of feld- 
spar are found converted into kaolin to a depth of many feet 
from the surface. This chemical alteration, according to Four- 
net, is always preceded by a mechanical change of the feldspar, 
which first becomes opaque and friable, and is thus rendered per- 
meable to water. He conceives this alteration to be molecular 
and to be connected with the passage of the silicate into a dimor- 
phous or allotropic condition.' 

§ 12. The researches of Ebelman in the alterations of various 
rocks and minerals have thrown considerable light on the rela- 
tions of sediments and natural waters.* From the analyses of 
basaltic and similar rocks, which include silicates of lime, mag- 
nesia, iron and manganese in the forms of pyroxene, hornblende 
and olivine, and which undergo a slow and superficial decom- 
position under atmospheric influences, it appears that during the 
process of decay the greater part of the lime and magnesia is 
removed, together with a large proportion of silica. It was 
found mc^reover that in the case of a rock apparently composed 
of labradorite and pyroxene, the removal of the lime and mag- 
nesia from the decomposed portion was much more complete 
than that of the alkalies; showing thus the comparatively greater 
stability of the feldspathic element. The decomposition of the 
feldspar in these mixed rook3 is, however, at length effected, and 
the final result approximates to a hydrous silicate of alumina, or 
clay. This slow decomposition of silicates of protoxyd-bases 
appears to be due to the action of carbonic acid, which, remov- 

' Ann. de Cbimie, [2], Ir, 225. * Ebelman, Recueil des Travauz, ii, 1-79. 
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ing the lime and magnesia as carbonates, liberates the silica in a 
soluble form ; while the iron and manganese, passing to a state 
of higher oxydation, remain behind, unless the action of organic 
matters intervenes to give them solubility. 

§ 13. It is to be remarked that, apart from the peculiar and 
complete decomposition resulting in tne production of kaolin, to 
which orthoclase, oligoclase, and some other ieldspathides, as 
leucite, beryl, and perhaps also the scapolites and albite are oc- 
casionally subject, orthoclase is less liable to change than the 
soda-feldspars, albite, oligoclase and labradorite. Weathered sur- 
faces of these become covered with a thin, soft, white and 
opaque crust, from decomposition, while the surfaces of ortho- 
clase under similar conditions still preserve their hardness and 
translucency. The decomposition of feldspathides, and other 
aluminous double silicates, whether rapid and complete, or slow 
and partial, apparently yields the same results. A gradual pro- 
cess of this kind is constantly going on in the feldspathic mat- 
ters which form a large proportion of the mechanical sediments 
of all formations; and in deeply buried strata is not improbably 
accelerated by the elevation of temperature. The soluole alka- 
line silicate resulting from this process is in most cases decom- 
posed by carbonates of lime and magnesia in the sediments, gir- 
ing rise to silicates of these bases, (which are for the greater part 
separated in an insoluble state,) and to carbonate of soda. Only 
in rare cases does potash appear in large proportion among the 
soluble salts thus liberated from sediments, partly because soda- 
feldspars are more subject to change, and partly from the fact 
that potash salts would be separated from the percolating waters 
in virtue of the reactions mentioned in § 5. Hence it happens 
that apart from the neutral soda salts of extraneous origin, 
waters permeating sediments containing alkaliferous silicates 
generally bring to the surface little more than soda combined 
with carbonic and sometimes with boric acifl, and carbonates of 
lime and magnesia with small portions of silica. 

§ 14. This explanation of the decomposition of alkaliferous 
silicates and of the origin of carbonate of soda is opposed to the 
view of Bischof, who conceives that carbonic acid is^^he chief 
aojent in decomposing feldspathic minerals.* The solvent action 
of waters charged with carbonic acid is undoubted, as shown by 
various experimenters, especially by the Messrs. Rogers;* but 
this acid is not always present in the quantities required. The 
proportion of it in atmospheric waters is so inadequate that it . 
becomes necessary to suppose some subteji'anean source of the 
gas, which is by no means a constant accompaniment of natron 
springs. A copious evolution of carbonic acid is observed in 

* Bischof, Ghem. Gcol., ii, 181. ' This Jouroal, [2], t, 401. 
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the vicinity of the lake of Laach, where the alkaline waters 
studied by Bischof occur/ The same thing is met with in many 
other localities of such springs, among which may be mentioned 
the region around Saratoga, where saline waters containing car- 
bonate of soda, and highly charged with carbonic acid, rise in 
abundance from the Lower Silurian strata; but farther north- 
ward, along the valleys of Lake Champlain and the.St. Lawrence, 
similar alkaline saline waters, which abound in the continuation 
of the same geological formations, are not at all acidulous. From 
this the conclusion seems justifiable that the production of car- 
bonate of soda is a procete, in some cases at least, independent 
of the presence of free carbonic acid. In this connection, it is 
well to recall the solvent power of pure water on alkaliferous 
silicates, as shown more especially by Bunsen, and also by 
Dnmour, who found that distilled water at temperatures much 
below 212° takes up from silicates like palagonite and calcined 
mesotype, comparatively large amounts both of silica and alka- 
lies. (Damour, Ann, Chem, et PItys.. [3], xix, 481.) 

§ 15 Another and an important source of mirieral impregna^- 
tion to waters exists in the soluble salts enclosed in sedimentary 
strata, both in the solid state and in aqueous solution, and for 
the most part of marine origin. In order to form some concep*- 
tion of the amount of saline matters which may be contained in 
a dissolved state in the rocky strata of the earth, we have made 
numerous experiments to cletermine the porosity of various 
rocks ; some few of the results of which may here be noticed. 
Fragments of the rocks were dried at a heat of 150° to 200° F., 
in a current of dry air until they ceased to lose weight. They 
were then soaked in distilled water, and kept under it for many 
hours beneath an exhausted receiver. When thus saturated 
they were wiped from adhering water, and weighed; first in air 
to determine the augmentation of weight from absorption, and 
secondly, in water to give, by the loss i« weight, the volume of 
the specimens. These data furnish 4he means of determining 
the volume of water absorbed, which is given below for 100.00 
parts of different rooks from the Paleozoic strata of the St, 
Lawrence basin. 

Potsdam formatioD, (sandstone) 8 specimcnfl .... 2*26 — 2*71 

•* 8 « 6-94—9 35 

Calciferous " (crjst. dolomite) 4 " .... 1-89— 2-63 

« « " " 2 " .... 5-90— 7-22 

Chazy " (argilL limestone) 4 " .... 6-45-18-66 

Trenton « (gray crys. " ) 4 ** 118—1-70 

" (blac*.impalp.") 2 ** 30—0.82 

Utica " (bjaqk shale) 3 " 0-76— 2-10 

Hudson River '* (nrenaceous shale) — 7-94 

Medin«i " (argiil. saxulstone) 2 specimens .... 8'S7-10'06 

Guelph •* (cryst. dolomite) 3 " 9-34-10-60 

Niagara " (impalpable ") 2 ** .... 9-69-10 92 

^ Bischof, Lehrbuch, i, 857-363. 
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The above data might be much more extended, but sufficient 
have been given to show the porosity of the principal Paleozoic 
rocks of the basin.* 

§ 16. If we take from the Potsdam sandstone the mean of the 
first three trials, giving 2*6 per cent for the volume of water 
Avhich it is capable of holding in its pores, we find that a thickness 
of 100 feet of it would contain in every square mile, in round num- 
bers, 70,000,000 cubic feet of water ; an amount which would 
supply a cubic foot (over seven gallons) a minute for more than 
thirteen years. The observed thickness of the Potsdam sand- 
stone in the district of Montreal, varies from 200 to 700 feel^ 
and the mean of 500 feet may be taken. To this are to be added 
300 feet for the Calciferous formation, whose capacity for water 
may be taken, like the Potsdam sandstone, at 2*5 percent. We 
have thus in each square mile of these formations, wherever 
they lie below the water-level, a volume of 490,000,000 cubic 
feet of water, equal to a supply of a cubic foot per minute for 
106 years. The capacity of the 800 feet of Chazy and Trenton 
limestones which succeed these lower formations, may be fairlj 
taken at one half that of those just named. But it is unneces- 
sary to multiply such calculations — enough has been said to 
show that these sedimentary strata include in their pores great 
quantities of water, which was originally that of the ocean of 
the Paleozoic age. These strata throughout the great Silurian 
basin of the St. Lawrence, are now for the greater part beneath 
the sea-level ; nor is there any good reason for supposing them 
to have ever been elevated much above their present horizon. 
Wells and borings sunk in various places in these rocks show 
them to be still filled with bitter saline waters; but in regions 
where these rocks are inclined and dislocated, surface-waters 
gradually replace these saline waters, which in a mixed and dila- 
ted state appear as mineral springs. These saline solutions, 
other things being equal, will be better preserved in limestones 
or argillaceous rocks than in the more porous and permeable 
sandstones. 

§ 17. But besides the saline matters thus disseminated in a 
dissolved state in ordinary sedimentary rocks, there are great 
volumes of saliferous strata, properly so-called, charged with the 
results of the evaporation of ancient sea-basins. These strata 
enclose not only gypsum and rock-salt, but in some regions 
large quantities of the double chlorid of potassium and m«ngne' 
fiium, carnallite; and in others sulphate of soda, sulphate of 
fnagnesia, and complex sulphates like blodite and polyhallite. 
Besides these crystalline salts, the mother-liquors containing the 

' A gi'eat many similar determinations will be found in a Report on Building 
Stones to the British House of Commons in 1889, by Barry, DelaSecbe and Smith. 
■See also Delesse. Bull Soc. Oeol., [2], zix, 64. 
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more soluble and uncrystallizable compoundB, may also be sup- 
posed to impregnate, in some cases, the sediments of these salif- 
erous formations. The conditions under which these various 
salts are deposited from sea-water, and their relations to the com- 
position of the ocean in earlier geological periods, are reserved 
ror consideration in § 22. Infiltrating waters remove from these 
saliferous strata their soluble ingredients; which, together with 
the ancient sea-waters of other sedimentary rocks, give rise to 
the various neutral saline waters; while the mingling of these 
in various proportions with the alkaline waters whose origin has 
been described in § 13, produces intermediate classes of waters 
of much interest. 

§ 18. I have elsewhere described the results of a series of ex- 
periments on the mutual action of the waters of these two 
classes.' When a^dilute solution of bicarbonate of soda isgrad* 
ually added to a solution which, like sea-water, contains besides 
chlorid of sodium, the chlorids and sulphates of calcium and 
magnesium, the greater part of the lime separates as carbonate, 
carrying down with it only from one to three hundredths of car- 
bonate of magnesia; a portion of lime however remaining in 
solution as bicarbonate. When the chlorid of calcium is wholly 
decomposed, the magnesian salt is attacked in its turn, and there 
finally results a solution in which the whole of the earthly 
chlorids are replaced by chlorid of sodium. A farther addition 
of the solution of carbonate of soda gives them the character of 
alkaline-saline waters; which moreover contain abundance of 
earthy carbonates. 

The substitution of neutral carbonate for bicarbonate of soda 
in the above experiment does not affect the result, except in 
causing a somewhat larger proportion of magnesia to be thrown 
down with the carborfate of lime. The resulting liquid still re- 
tains large quantities of earthy carbonates in solution." 

§ 19. In the saline waters just considered, chlorids generally 
predominate, the sulphates being small in amount, and oflen 
altogether wanting. Some exceptions to this are however met 
with ; for apart from waters impregnated with gypsum, whose 
origin is readily understood, there are others in which sulphate 
of soda or sulphate of magnesia enter largely. The soda-salt 
may sometimes be formed by the reaction between solution of 

Sypsum and natriferous silicates referred to in § 7 ; or by tlie 
ecomposition of gypsum by a solution of carbonate of soda; 
while in other cases its origin will probably be found in the 
natural deposits of sulphates, such as glauberite, thenardite^ and 
glauber-salt, which occur in saliferous rocks ; a similar origin is 
probable for many of those springs in which sulphate of mag- 

• This Journal, [2"!, xxviii, 170. 

^ Geol. Survey of Canada, Report, 1868-66, p. 468. 
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nesia predominates. This salt also effloresces abundantly in a 
nearly pure form upon certain limestones, and is in some cases 
due lo the action of sulphates from decomposing pyrites upon 
magnesian carbonate or silicate. In by iar the greater number 
of cases, however, its appearance is unconnected with any suek 
process; and is, according to Mitschcrlich, due to a reaction be- 
tween dolomite and dissolved gypsum. 

§ 20. In support of this view, it was found by the chemist 
just named that when a solution of sulphate of lime was made 
to filter for sometime through pulverized magnesian limestone^ 
it wius decomposed with the formation of carbonate of lime and 
sulj)hate of magnesia. This reaction I have been unable to ver* 
ify. A soliUion of gypsum in distilled water was made to per- 
colate slowly through a column of several inches of finely- 
powered dolomite ; and after ten filtration?, occupying as many 
days, no perceptible amount of sulphate of magnesia had beett 
formed. Solutions of gypsuu) were then digested for many 
months with pulverized dolomite, and also with crystalline ca^ 
bonate of magnesia, but with similar negative results; nor did 
the substitution of a solution of chlorid of calcium lead to the 
formation of any soluble magnesian salt. Solutions of gypsom 
were then impregnated with carbonic acid, and allowed toreraain 
in contact with pulverized dolomite and with magnesite as bfr 
fore, during six months of the warm season, when only inap- 
preciable traces of magnesia were taken into solution. Thess 
experiments show that no decomposition of dissolved gypsum is 
effected by native carbonate of magnesia or by the double car- 
bonate of lime and magnesia at ordinary temperatures. 

§ 21. I find however that hydrated carbonate of magfiesia 
readily completely decomposes a solution of gypsum when agi- 
tated with it, with formation of carbonate of lime and sulphate 
of magnesia, and the same result is produced with the native 
hydrate of magnesia when mingled with a solution of gypsum 
Ml presence of carbonic acid. Now there may be dolomites 
which contain an admixture of hydro-carbonate of magnesia, as 
there certainly are others which like predazzite, are penetrated 
with hydrate of magnesia. The reaction between solutions of 
gypsum and such magnesian limestones, (with the intervention 
in the case of predazzite, of atmospheric carbonic acid), would 
suffice to explain the results obtained by Mitscherlich, and the 
appearance in certain cases of sulphate of magnesia as an eflSo- 
resceoce on dolomites. In the experiments above described, the 
nearly pure crystalline dolomites from the Guelph aad Niagara 
formations were made use of. 

§ 22. When sea-water is exposed to spontaneous oivaporation, 
the lime which it contains separates in the form of sulphate, gyp- 
sum being but sparingly soluble in a cojice;atrated brine, aad 



2! & Hunt on the Chemistry of Natural Waters. 187 

the greater portion of the chlorid of sodium crystallizes out in 
a nearly pure state. The mother-liquor of specific gravity 1*24, 
having lost about four-fifths of its chlorid of sodium, still con- 
tains dissolved a large proportion of sulphate of magnesia. If 
the evaporation is continued at the ordinary temperature, till a 
density of 1*32 is attained, about one-half of the magnesian sul- 
phate separates, mixed with common salt; and by reducing the 
temperature to 6° C, a large portion of pure sulphate of mag- 
nesia now crystallizes out. The further evaporation of the re- 
: sUiining liquor'by the heat of summer causes the potassium salts 
\ to separate in the form of a hydrous double chlorid of potassium 
I and magnesium, an artificial carnallite." 

f By varying somewhat the conditions of temperature, the sul- 
: phate of magnesia and chlorid of sodium of the mother-liquor 
undergo mutual decomposition, with the production of sulphate 
of -soda and chlorid of magnesium. Hydrated sulphate of soda 
crystallized out from such a mixed solution at 0° C., and by re- 
ducing the temperature to —18^ C. the greater part of the sul- 
phates may be separated in this form from the mother-liquor of 
1'24, previously diluted with one- tenth of water ; without which 
addition a mixture of hydrated chlorid of sodium wi)uld sepa- 
rate at the same time. If, on the other hand, the temperature of 
the mixed solution be raised above 50° C, the sulphate of soda 
crystallisses out in the anhydrous form, as thenardite. By the 
spontaneous evaporation during the heats of summer of the 
mother-liquors of density 1*35, a double sulphate of potassium 
and magnesium separates. These reactions are taken advantage 
of on a great scale in Balard*s process, as modified by Merle," 
for extracting salts from sea-water. 

§ 23. The results of the evaporation of sea-water would how- 
ever be widely different if an excess of lime-salts were present. 
In this case the whole of the sulphates present would be depos- 

• ited in the form of gypsum at an early stage of the evaporation, 
and the mother-liquor after the separation of the greater part of 

• the common salt, would contain little else than the chlorids of 
':. sodium, potassium, calcium, and magnesium. 

§ 24. A consideration of the conditions of the ocean in earlier 

r " The hydrous double chlorid of potA»9ium and magnesium (camallite of H. Rose), 

■ occurs in large quantities in a stratum of clay overlying n great bed of rock-salt 100 

•? feet thick, at Stassfurth in Prussia. It is associated with considerable quantities of 

K mlpbato of magnesia. According to Clemm this sulphate of magnesia, to which 

the name of kieterite has been given, and which occurs also in Anhalt, contains but 

one equivalent of water, (MgO,SO:,+ HO). It is not more soluble than gypsum, 

and unliko the ordinary sulphotc of magnesia, loses the whole of its acid at a red 

lieat in a current of steam, the acid passing off undecoiu posed. This salt is fttund 

in such large quantities as to be of economic importance. (Bull. Soc. Chim. de 

Paris, 1864. p. 297.) 

" See my paper in this Journal, [2], zxv, 361 ; also Report of Juries of the Ex- 
bibition of 1862, class ii, p. 48. 
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geological periods will show that it must have contained a macli 
larger quantity of lime-salts than at present. The alkaline car- 
bonates, whose origin has been described in § 13, and which 
from the earliest times have been flowing into the sea, have 
gradually modified the composition of its waters, separating the 
lime as carbonate, and thus replacing the chlorid of calcium by 
chlorid of sodium, as I have long since pointed out." This re- 
action has doubtless been the source of all the carbonate of lime 
in the earth's crust, if we except that derived from the decern* 
position of calcareous silicates. (§ 12). In thi^ decomposition 
oy carbonate of soda, as already described in § 18, it results 
from the incompatibility of chlorid of calcium with hydrous 
carbonate of magnesia, that the lime is first precipitated with a 
little adhering carbonate of magnesia, and it is only when the 
chlorid of calcium is all decomposed that the magnesian chlorid 
is transformed into carbonate of magnesia. This latter reaction 
can consequently take place only in limited basins, or in portions 
cut off from the oceanic circulation. 

§ 25. It follows from what has been said that the lime-salt 
may be eliminated from sea-water either as sulphate or asca^ 
bonate. In the latter case no concentration is required ; while 
in the former the conditions are two, — a siffficient proportion of 
sulphates to convert the whole of the lime into gypsum, and 
such a degree of concentration of the water as to render this in- 
soluble. These conditions meet in the evaporation of modem 
sea-water ; but the evaporated sea water of earlier periods, with 
its great predominance of lime-salts, would still contain large 
amounts of chlorid of calcium, the insolubility of gypsum in 
this case serving to eliminate all the sulphates from the mother- 
liquor. Evaporation alone would not suffice to remove the 
whole of the lime-salts from waters in which the calcium present 
was more than equivalent to the sulphuric acid ; but the inte^ 
vention of carbonate of soda would be required. 

§ 26. In concentrated and evaporating waters freed from 
lime-salts by either of the reactions just mentioned, but still 
holding sulphate of magnesia, another process, which I have 
elsewhere described, may intervene." The addition of a solu- 
tion of bicarbonate of lime to such a solution gives rise, by 
double decomposition, to sulphate of lime and bicarbonate of 
magnesia. The former being much the less soluble salt, especially 
in a strongly saline liquid, is deposited as gypsum ; and subse- 
quently the magnesian carbonate is precipitated in a hydrous 
form. The effect of this reaction is to eliminate from the sea- 
water both the sulphuric acid and the magnesia, without the 
permanent addition to it of any foreign element. 

" Canadian Journal for 1858, p. 202; this Journal , [2], xxv, 102, and Comptet 
Rendus, June 9, 1862, p. 1191. '^ This Jourual, [2], xxriii, 174. 
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^ § 27. Gypsum may thus be separated from sea-water by two 
distinct processes, — the one a reaction between sulphate of mag* 
nesia and chlorid of calcium, and the other between the same 
sulphate and carbonate t)f lime. The latter, involving a separa- 
tion of bicarbonate of magnesia, can as we have seen, only take 
place when the whole of the chlorid of calcium has been elim- 
inated ; and if we suppose the ancient ocean, unlike the present, 
to have contained more than an equivalent of lime for each 
equivalent of sulphuric acid, it is evident that a lake .or basin of 
sea-water free from lime salts could only have been produced by 
the intervention of carbonate of soda. The action of this must 
have eliminated the whole of the lime as carbonate, or at least 
have so far reduced the amount of this base that the sulphates 
present would be sufficient to separate the remainder by evapo- 
ration, in the form of gypsum, and still leave in the mother- 
liquor a quantity of sulphate of magnesia for reaction with bi- 
carbonate of lime. 

The source of the magnesian carbonate, whose union, under 
certain conditions, with the carbonate of lime gives rise to the 
dolomite," may thus be due either to the reaction just described 
between bicarbonate of lime and solutions holding sulphate of 
magnesia, or to the direct action of carbonate of soda upon 
waters containing magnesian salts; but in either case the pre- 
vious elimination of the incompatible chlorid of calcium must 
be considered an indispensable preliminary to the production of 
the magnesian carbonate. 

§ 28- To the three principal sources of mineral matters in 
mineral waters already enumerated, viz., decaying organic mat- 
ters, decomposing silicates, and the soluble saline matters in 
rocks, a few other minor ones must be added. One of these is 
the oxydation of metallic sulphurets, chiefly iron-pyrites, giving 
rise to sulphate of iron, and more rarely to sulphates of copper, 
zinc, cobalt and nickel; and by secondary reactions to sulphates 
of alumina, lime, magnesia, and alkalies. This process of oxyd- 
ation is necessarily superficial and local, but the soluble sul- 
phates thus formed have probably played a not unimportant 
part. (§ 9.) 

. § 29. Besides these last, which contain chiefly neutral and 
acid salts, there is another class of waters characterized by the 
presence of free sulphuric or chlorhydric acid, or both together. 
These acid waters sometimes occur as products of volcanic 
action, during which both chlorhydric acid and sulphur are 
often evolved in large quantities. This latter element generally 
comes to the surface as sulphuretted hydrogen, which by the 

" This Journal, [2], xxviii, 180-186, and further, Geol. Survey of Canada, Report 
for 1859, 214-218. 

Am. Joub. Scl— Second Sbbies, Vol. XXXIX« No. 116.— Mabch, 1865. 
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oxydation of the hydrogen may deposit its sulphur in craters 
and fissures. In other cases, as shown by Dumas, the sulphur 
and hydrogen may be slowly and simultaneously oxydized at a 
low temperature, giving rise directly to sulphuric acid. Not leas 
frequent, hoWever, is probably the direct conversion, by com- 
bustion of the sulphuretted hydrogen into water and sulphur- 
ous acid, which afterward absorbing oxygen from the air is con- 
verted into sulphuric acid. 

§ 30. The source of the hydrochloric acid and the sulphur of 
volcanos is probably the decomposition of chlorids and sul- 
phates at high temperatures. It is known that for the decom- 
position of earthy chlorids, water and an elevated temperature 
are sufficient, and at a higher temperature, chlorid of sodium is 
readily decomposed in presence of siliceous and aluminous min- 
erals, with the intervention of water. Another agency which 
probably comes into play in volcanic phenomena is that of 
organic matters, which, reducing the sulphates to sulphurets, 
enable the sulphur to be subsequently disengaged as sulphuret- 
ted hydrogen by the operation of water, either with or without 
the intervention of carbonic acid or of siliceous and argillaceous 
matters. Even in cases where this reducing action is excluded, 
the ignition of sulphates in contact with earthy matters must 
liberate the sulphuric acid as a mixture of sulphurous acid and 
oxygen; and these uniting in their distillation upward through 
the strata, may give rise to springs of sulphuric acid." The re- 
actions similar to those just noticed, involving borates like stass- 
furthite and hayesine, or boric silicates like tourmaline, etc., are 
to be ascribed the large amounts of boric acid which are sub- 
limed in some volcanos, or volatilized with the watery vapor of 
the Tuscan suffioni, 

§ 31. The action of subterranean heat upon buried strata con- 
taining sulphates and chlorids is then sufficient to explain the 
appearance of hydrochloric and sulphurous acids and sulphur, 
even without the intervention of organic matters, which are, 
however, seldom or never wanting ; whether as coal, lignite, bi- 
tumen, and pyroschists, or in a more divided condition. The 
presence of hydrogen and of marsh-gas, as observed by Deville 
among volcanic products, is an evidence of this. The genera- 
tion of marsh-gas, is, however, in most cases clearly unconnected 
with volcanic action or subterranean heat. 

To the decomposition of carbonates in buried strata by siliceous 
matters, with the aid of heat, is to be ascribed the great amounts 
of carbonic acid gas which are in many places evolved from the 
earth, and impregnating the infiltrating waters, give rise to acid: 
ulous springs. The principal sources of this gas in Europe are 
in regions adjoining volcanos, either active or recently extinct; 

^' See the note to | 22, on kieserite. 
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but their occurrence in the Paleozoic strata of the United States, 
far remote from any evidence of volcanic phenomena other than 
slightly thermal springs, shows that an action too gentle or too 
deeply -seated to manifest itself in igneous eruptions, may evolve 
carbonic acid abundantly. The sulphuric-acid springs of Western 
New York and Canada, to be described further on, are not less 
remarkable illustrations of the same fact. 

§ 82. The frequent presence of ammoniacal salts in volcanic 
exhalations is here worthy of notice, especially when considered 
in connection with the rarity of nitric and ammoniacal com- 
pounds in natural waters, except in some local conditions, as in 
the wells of cities, etc., where they are sometimes observed in 
oomparatively large amounts. The explanation of this is evi- 
dent : for although nitrates themselves are not directly removed 
from the water, they are by the reducing action of organic mat- 
ters converted into ammonia, which is retained by the soil. In 
consequence of this affinity, the argillaceous strata, whether of 
the present period or of older formations, hold in a very fixed 
form a considerable quantity of nitrogen. This, from the slow- 
ness with which it is eliminated in the form of ammonia under 
the influence of alkaline solutions, probably exists as an am- 
moniacal silicate, (§ 6). The action of acids, however, as well 
as alkalies may be supposed to liberate it from its combination, 
and thus generate the ammoniacal salts which are such frequent 
accompaniments of volcanic phenomena. The numerous exper- 
iments of Delesse show that ammonia, or at least nitrogen capa- 
ble of being evolved by heat and alkalies in the form of am- 
monia, is present in the limestones, marls, argillites, and sand- 
stones of former geological periods, in quantities scarcely inferior 
to those in similar deposits of modern times, amounting for 
most of the ancient sedimentary strata to from one to five 
thousands of nitrogen ;" from which it will be seen that the 
amount of this element thus retained in the rocky strata of the 
earth's crust is Very great." 

§ 88. If we attempt a chemical classification of natural waters 
in accordance with the principles laid down in the preceding 
sections they may be considered under the following heads: 

A. Atmo^plieric waters. 

B. Waters impregnated with the soluble products of vegetable decay. 

C. Waters impregnated with the salts fvom decomposing feldspathic 

rocks, and holding a portion of carbonate of soda as a characteristic 
inpjredient. 

D. Waters holding neutral salts of sodium, calcium or msgnesium from 

strata where they existed as solid salts, or as impregnating brines. 

" Ann. des Mines, [6], ZTiii, 161-523. 

'" For an exposition of the viewti put forward in the four preceding sectioDS, see 
my paper in the Canadian Journal for 1868, p. 206. 
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E. Waters holding chiefly sulphates frorii decomposing pyrites ; copperas 

and alum waters. 

F. Waters holding free sulphuric or chlorhydric acid. 

§ 34. The name of mineral waters is popularly applied only 
to such as contain sufficient foreign matters to give them a de- 
cided taste ; and hence the waters of the divisions A and B, and 
many of the feebler ones of C and D, are excluded. Those of 
E and F have peculiar local sources; but those of C and D are 
often associated in adjacent geological formations, and their com- 
mingling in various proportions gives rise to mineral waters in- 
termediate in composition. In accordance of these considera- 
tions, a classification of mineral waters for technical purposes 
was adopted by me in The Qeology of Canada^ p. 531, including 
only those of C, D, and F, which were arranged in six classes. 

I. Saline waters coutaining chlorid of sodium, often with large portions 

of chlorids of calcium and magnesium, with or without sulphates. 
The carbonates of Jime and magnesia are either wanting, or present 
only in small quantities. These waters are generally bitter to the 
taste, and may be designated as brines or bitterns. 

II. Saline waters which ditfer from the last in containing besides the 

chlorids just mentioned, considerable quantities of carbonates of 
lime and magnesia. These waters generally contain mueh smaller 
proportions of earthy chlorids than the first class, and are hence less 
bitter to the taste. 

III. Saline waters which contain, besides chlorid of sodium and the car- 
bonates of lime aed magnesia, a portion of carbonate of S4>da. 

IV. Waters which differ from the last in containing but a small propor- 
tion of chlorid of sodium, and in which the carbonate of soda pre- 
dominates. The waters of ihis class generally contain uiuch less 
solid matter than the tliree p4-evious classes, and have not a very 
marked taste until evaporated to a small volume, when they will he 
found, like the last, to be strongly alkaline. 

Of these four classes, I corresponds to the division D, and IV 
to C, v/hile II and III are regarded as resulting from the admix/- 
ture of these in varying proportions. Sulphates are sometimes 
present in these waters, but never predominate; in their absence, 
salts of barium and strontium are often met with. The ehloirids 
are generally, if not always, associated with bromids and iodids. 
Small quantities of potassium salts are also present, while borates, 
phosphates, silicates, and small portions of iron, manganese aud 
alumina are generally present. These various waters are .occa- 
sionally sulphurous, and those of the last three classes may be 
impregnated with carbonic acid. 

V. The fifth class includes atdd watei-s remarkalile for containing a large 

proportion of free sulphuric acid, with sulphates of lime, magnesia, 
(portions of iron, and alumina. These watei*^ which are character- 
ized by their sour and styptic taste, generally contain some sulphur- 
.^(ted hydrogen. 
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VL Tho sixth class includes some Tieutrnl saline waters, in which the 
sulphates of lime, magnesia, and the alkalies predominate, chloridis 
being present only in small quantities. These waters, like the last, 
are often impregnated with sulphuretted hydrogen. 

The above classiBcation, although adopted originally for the 
convenient description of the mineral waters of Canada, will, it 
is thought, be found to embrace all known classes of natural 
waters, with the exception of those included under E, and some 
waters from volcanic sources holding muriatic acii. These may 
constitute two additional classes. In the iirst three of the classes 
above described, chlorids predominate; in the fourth, carbon- 
ates; and in the fifth and sixth, sulphates. Tlie waters of the 
first, second, and sixth classes are neutral ; those of the third 
and fourth, alkaline; and those of the fifth acid. 

The results of the chemical analysis of various waters of these 
classes it is proposed to give in the second part of this paper. 



Art. XXin. — Abstract of a Memoir on Shooting Stars ; by 

H. A. Newton. 

(Read before the National Academy of Sciences, August, 6th, 1864.)^ 

1. The periodical shooting stars, particularly those of August 
and November, have hitherto very naturally attracted more at- 
tention than the sporadic ones, those seen on every clear night 
throughout ihe year. Yet these latter are objects of no small 
interest. There are methods of observing, and of computation, 
by which much can be learned about them, and observations 
already made are of use in determining something of their num- 
bers, and of their place in the Solar System. I propose to com- 
bine these existing materials, and see to what they lead us. If it 
shall appear that I use rude processes and inexact data, and re- 
ject terms of considerable importance, I must plead that it is a 
step forward to do anything in this direction, ana express thehope 
that better data will soon warrant the use of more refined pro-' 
cesses. It will be necessary to assume certain propositions which 
are not probably strictly true, and others which may not be uni- 
versally conceded. Such assumptions are however very dis- 
tinctly set forth, that future observations may correct them if 
erroneous, and verify them if true. The details of many of thp 
arguments are necessarily omitted in this abstract 

The table of altitudes of the paths of shooting stars published 
in the last volume of this Journal, p. 135, is the basis of the com- 
putations. Singly, these altitudes are liable to large probable 

' From the Proceedings of the Academy : published bjr permission. 
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errors ; yet, taken together and used with caution, it is believed 
that they may be safely employed in a first approximation. 

2. DLsirihution vertically of the middle points of the luminous por* 
tions of the meteor-paths. — From the table named, by rejecting 
the manifestly unreliable cases, and giving weight to the others, 
the following numbers are obtained to express the relative nam* 
bers of the shooting stars at different altitudes above the earth's 
surface. By altitude is meant the altitude of the middle point 
of the visible f)art of the path expressed in kilometers. 



Between and 80 kil. 89 sh. stars, 

«» 80 ♦* 60 114 " 

«* 60 " 90 248 •* 

90 " 120 277 " 

«• 120 " 150 106 ** 



Between 150 and 180 kiL 57 sh. itan. 
180 *' 210 20 •* 
210 ** 240 20 " 
240 «* 270 8 « 

Above 270 kU. 12 « 



it 



tt 



u 



There is evidently a definite upper limit to the region of me- 
teor-paths. Again, the best observations give few if any very 
low altitudes. The altitudes less than 30 kilometers, and thoeo 
greater than 180, are therefore disregarded. 

I assume that these observed paths are fair examples as to al* 
titude of all visible paths, and hence that the frequency of the 
middle points of all visible paths at different altitudes above the 
earth's surface is proportional to, and may be expressed by, these 
numbers, viz: 



•om 


80 


kilometers 


to 


60 


by 


114 


(( 


60 


«i 


tt 


90 


M 


248 


it 


90 


<i 


tt 


'120 


M 


277 


«< 


120 


M 


tt 


150 


11 


106 


(( 


150 


(( 
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180 


tt 


67 



Representing these numbers by q, and the mean altitude of 
the paths by rf, we have approximately. 



d=L 






where in the finite summation indicated by 2 the successive 
values of q are to be taken, and x is to be successivclv ^(80+ 
60), i(60+90), i(90+120), &c. The value of rf, that is, the 
mean altitude of meteor paths above the earth's surface, is thus 
found to be 95'55 kilometers, or not quite 60 miles. 

3. Distribution of the jyaths of Shooting Stars over tlie apparent 
heavens in azimuth, — Theoretical considerations seem to require 
that the meteors should be nearly uniformly distributed in azi* 
muth. Observations confirm this. Collating the observations of 
Mr. Herrick and others, as published in this Journal, and pre- 
serving those only in which the heavens were divided into four 
parts, we have of 6,598 observed paths, 800 in N., 733 in lI.E^ 
965 in E., 852 in S.E., 847 in S., 833 in S.W., 889 in W., and 
679 in N.W. These numbers imply a small predominance 
toward the southeast. Since the average zenith distance of the 
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middle points of paths is about 48° '3, the above numbers give as 
a center of gravity, or center of distribution, a point about 2° 
from the zenith in the direction of S. 28° E. We therefore con- 
clude that the relative frequency of occurrence of meteor-paths 
in different parts of the visible heavens is in the main a func* 
tu>n of zenith distance only, 

4. Distribution of meteor-paths over Hie shy in altitude. — The law 
distribution of the p£.ths in apparent altitude may be obtained 
directly by observations properly devised for that object But 
such observations would have to be continued for a considerable 
time, and would involve great labor. I have therefore sought 
for a method of obtaining the approximate law of distribution 
from observations already made for other purposes. 

If the zenith distances of a large number of paths seen by 
one observer were measured or computed, we should find them 
affected by his habits of watching. Thus, one who looked 
habitually to the zenith wonld see only those near that point, 
while one looking low down would see few near the zenith. 
But, combining the observations of a large number of persons, 
we might hope that many of these individual habitudes would 
counteract each other, and that the aggregate results would be 
affected only by common errors. I have therefore taken for this 
purpose various sets of observations made by about forty differ- 
ent persons. For. a part the distances of the middle points of 
several paths from the zenith for the instant of appearance were 
computed. For the remainder the place of the zenith was in 
each case computed, and the zenith aistance carefully measured 
on a very gooa sixteen-inch globe. The number of paths thus 
computed or measured was 1,893. Of these, 30 were within 10® 
of the zenith, 60 were between 10° and 20*^ from the zenith, 142 
between 20° and 30°, &c., as in the second column of the follow- 
ing table : — 



Table illustrating the distribution of meteor- 


paths over the 


sky. 


Zenith 


Ne. of 
meteoni. 


Area 
of nky. 


No. 

Area. 


Seese. 


No. 


dilUDCA. 


Area mc^Q. 


o o 
O-IO 


80 


•01619 


1975 


1-012 


1951 


10-20 


60 


•04612 


1830 


lllO 


1198 


20-30 


142 


•07866 


1928 


1848 


14S6 


80-40 


197 


•09999 


1970 


1-819 


1088 


40-50 


274 


•12825 


2228 


2-828 


786 


60-60 


804 


.14279 


2129 


6-299 


402 


60-70 


246 


•16798 


1661 


18-25 


117 


70-80 


110 


•16887 


668 


67-68 


11 


80-90 


81 


•17366 


178 


1610 






If the area of the visible hemisphere is unity, the numbers in 
the third column give the areas of the corresponding zones. 
The number of paths divided by the areas gives quotients pro* 
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portional to the numbers of stars at different altitudes to any 
unit of surface. These form the fourth column. They increase 
slowly to about 45^, and then rapidly diminish to the horizon. 

The number of paths along an oblique line is greater than 
that along a perpendicular line. They should be very nearly as 
the cubes of the lengths of the lines, or, disregarding the curva- 
ture of the earth, as sec'^: 1. The cubes of the secants of 5®, 
15°, 25°, &c., are given in the fifth column, tliese angles being 
taken as the mean zenith distances of the zones. In the sixth 
column are the quotients of the numbers in the fourth column 
divided by those in the fifth. 

Under any reasonable law the numbers in the last column 
should diminish from the zenith. The deviations from this uni- 
form diminution that appear in the table are djie in part to the 
small number of paths measured. The first number represents 
a small area, and should perhaps be combined with the second.. 
Upon the whole, there seems to be a deficiency near the zenith, 
which may be due to the tendency of observers to look habitu- 
ally towards points from 30° to 60° high. 

From inspection of this column, and from considerations de- 
tailed in the memoir, 1,800 is thought to be a reasonable number 
to assume as that to which the series approaches. The product 
1,800 X sec' 5° X -01519 = 27*67, would then give the number 
of shooting stars out of 1,893 that should be seen within 10° of 
the zenith. This is equivalent to one in 50*35. That is, about 
one in fifty of all shooting stars seen at a place should have the mid- 
dle points of tlieir apparent paths within 10° of the zenith. 

5. Number of shooting stars that come into the atmosphere each 
day, — Shooting stars are seen in all countries, and any differences 
of number for different countries, thus far detected, may be easily 
explained by the personal equations of observers, or by diflFer- 
ences in the clearness of the atmosphere. It will be assumed 
that for a given considerable period of time the meteors are equally 
abundant over all parts of the eartli's^surface. 

Their frequency at different altitudes from the surface of the 
earth varies. If we suppose q^ to be the number of mjddle 
points of visible paths that fall in a given period of time into 
any cubic unit of the space of the region of meteor-paths, we 
should have ?, a function of the altitude above the earth's surface. 
Let X represent the altitude, and R the earth's radius. Suppose 
now an inverted cone, whose vertex is at the eye of the observer, 
whose axis is a vertical line, and whose semi-vertical angle is 
10°. In general, shooting stars which have the middle points of 
luminous parts of their trajectories in this cone will have the 
middle of their apparent paths within 10° of the zenith. The 
number in this cone in the given time will be expressed very 
nearly by the formula. 
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ng^i&n^lO^x^dXf 



where a and b are the values of x for the lower and upper sur- 
faces of the region of meteors. 

On the other hand, the total number of shooting stars within 
the given period over the whole earth will be equal to 

4nQ^{U+x)^dx. 



JJ 



MnnO'*x^dx 



The whole- number visible at one place is 50*85 times the 
number seen within 10° of the zenith, and therefore 50'35 times 
the number within the above described cone. Hence if m is the 
number in a given period visible at one place, and N the num- 
ber that would.be visible (except for daylight, clouds, moon, 
&c.,) through the whole earth in the same period, we should 
have, 

f^nQ^iR + xydx- 

"" 60-36 • /^ 

Now ?, is a function of Xj and, assuming as heretofore that 
the observed altitudes are fair examples of the real altitudes, we 
shall have ^, =kQ, where A is a constant depending on the period 
of time assumed, the unit of space assumed, and the abundance 
of meteors. As we have assumed an equable distribution over 
the earth's surface^ this constant may be removed from the in- 
tegral sign. Again, without great error finite summation may 
take the place of integration, in which case the equation easily 
reduces to the form, 

N = 2-665mj ^^-^ J. 

Taking x successively 45, 75, 105, 185, and 165 kilometers, 
and 9 also 114, 243, 277, 106, and 57, and E equal to 6370, 
we find 

N = 10,460 m, 
that is, the number over the whole earth is to be considered as 10,460 
times the number visible at one place. 

To obtain this result, it was assumed that the shooting stars 
were uniformly distributed over the earth's surface, and that the 
conditions of visibility are uniform. If, however, we regard 
the actual instead of the theoretical case, we find that the num- 
bers seen vary through the hours of the night. The rapid dim- 
inution toward the horizon, already shown, indicates the great 
influence of mists, &c., in the air, in absorbing the light of these 
bodies. But for this cause, raanv more could be seen within ten 

Am. Jour. Soi.— Second Series, Vol. XXXIX, No. llC— Mirch, 1865. 
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degrees of the horizon than in the whole of the rest of the 
heavens; whereas of 1393 only 81 were actually seen in this 
part of the sky. These mists must of course vary in different 
climates. Hence the numbers visible in different places may 
reasonably be expected to differ. Let^ however, a locality have 
an atmosphere of mean purity, let it in other respects be one of 
medium character with respect to the number of visible meteo^ 
paths, and let m be the mean hourly number of shooting stars 
seen in a clear sky at that place : then we may consider thatthe 
whole number that under clear skies could be seen over the 
earth in one hour would be 10,460 m. 

The value of m is of course to be determined by observation. 
The hourly number varies through the night. The value of to 
may be found from observations extending through the night, or 
from those made near midnight. 

Mr. E. Bouvard, in the year between Oct., 1840, and Oct., 1841, 
observed at Paris, on every clear moonless night. (Comptes 
BenduSy xiii, 1029). He always watched between 11 and 1 
o'clock. During 74 hours and 22 minutes he saw 572 shooting 
stars. Allowing one-fourth of a minute for recording each meteor 
(which is the time estimated by him), and we have an average 
of 8 meteors per hour. 

By what factor we must multiply the number'seen by one ob- 
server to obtain the whole number visible at the place, we have 
no observations that I know of to determine. It is probable that 
this multiplier is as large as four^ and that thirty is therefore not 
too large for the mean value of m. 

This would give the average number of meteors that traverse 
the atmosphere daily, and that are large enough to be visible by 
the naked eye, if the sun, moon and clouds would permit, equal 
to 30 X 24 X 10,460, or more than seven and a half millions, 

6. It will now be assumed that the phenomenon called a shooting 
or falling star is caused by a small body (probably a solid) which 
originally was moving in its own orbit in the solar system, or in 
space ; that this body coming into the atmosphere of the earth 
elicits light by the loss of velocity, and is usually itself dissipated 
before reaching the earth's surface. The term meteoroid will be 
used to designate such a body before it enters the earth's atmos- 
phere. 

7. Number of meteoroids in the space which the eariJi traverses,-^ 
Suppose many small bodies to be distributed through an indefi- 
nite space, so that there shall be n bodies in a cubic unit. Sup- 
pose that these bodies have all an uniform velocity of v units 
per second in the same direction. Suppose a larger sphere 
whose radius is B, and which is without attraction, to be at rest 
in this space. The sphere intercepts in each second as many 
small bodies as are contained in a right cylinder, whose length 
is V, and whose radius la H, iVval \^ nTi^ti'v) V^odvaa. 
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If the sphere attracts the small bodies, it may be shown that 
instead of «E*nv we should have «R*nt; (iH — ~), when v^ is 

the velocity of a particle falling by the attraction of the sphere 
from rest at infinity, to the surface of the sphere* If the sphere 
has an uniform motion th^e same formula applies by making v 
the velocity relative to the sphere. 

This result may be extended to several systems of small bod- 
ies. Let there be distributed through the indefinite space, in 
each Mnit of it, n' bodies of one system^ n" bodies of a second 
system, n'" bodies of a third system, and so forth, and let the 
oodies-of the first system move in one direction with a velocity 
1/ relative to the sphere, let the bodies of the second system 
move in another direction with a velocity v" relative to the 
sphere, and so forth, then will the number of bodies which the 
sphere intercepts in each second be equal to 

«R««'.'(l+^])+"R«»"»"(l+;-^)+-R'»"V"(l+^^)+ete. 

Call this N' and we may write., , 

where the summation indicated by JS extends to all th^ systems 
of bodies. 

If V is the mean value of v', v", &c., for all tlhe bodies and n 
is the sum of n'+n"+n'"4-&c., then 

The remaining term is the sum of fractions whose denomina- 
tors vary. , We may, however, write, 



.n' nv 2 



where ^ is a number and is evidently positive. If the values of 
t/, t?", v'", &c., do not vary widely, ^ will be small. Making these 
substitutions, we have 

This formula expresses the number of meteoroids which the 
earth intercepts by considering the earth with its atmosphere as 
the supposed sphere, R its radius measured from the upper part 
of fthe region of meteor-paths, V the average velocity of the 
meteoroids when they come into the region of the earth's sensi- 
ble attraction, v^ the velocity of a body falling by the earth's 
attraction from infinity to a distance R from the centre of the 
earth, N' the average number of meteoroids coming into the 
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eartVs atmosphere in a second, and n the average number in a 
cubic unit of the space the earth is traversing in a given period. 
If m be the average number visible at one place in a unit of 
time we have found above that N= 10,460 m. The volume of a 
sphere whose radius is R is |^K'. Let M be the number of 
meteoroids in a space equal to such a sphere, then M= f^nR', and 

M 

10460m = i;^(v2+i;o2+^o^), 

., ^ 10460 mRv 

where m denotes the average number (or fraction of a number) 
seen in one place per second. If the hourly number is, as before 

Rv 
assumed, equal to 30, then wi=TTTr) ^^^ M=116*2 a i ai TZ?v 

8. The mean length of apparent paths. — I have computed or 
measured the lengths of 1016 paths, observed by a large number 
of persons. The mean length is found to be 12®"6. 

9. Numbers of Telescopic shooting stars. — Shooting stars are of 
all degrees of brilliancy, and there are many very faint ones. 
^most every hour that a person watches, he sees, or thinks he 
sees, flights that are yet so faint as to leave him in doubt whether 
they are shooting stars, or only illusions. We may therefore 
reasonably conclude that large numbers of shooting-stars are en- 
tirely invisible to the naked eye, which yet might be seen by the 
telescope. 

This conclusion is verified by observation. In 1854, Messrs. 
Pape and Winnecke observed' together at Gottingen for 82 
hours, on nights between the 24:th of July and the Sd of August. 
Pape saw with the naked eye 312 shootiuff stars, and Winnecke 
saw 45 in the same time with a comet seeTker. The Siameter of 
the field of view is not given, but in observations at the same 
time diameters of 53' and 36', with powers of 30 and 60, were used. 

If the apparent length of a meteor-path is I and the breadth of 
the field of view of a telescope is 6, and if the axis of the tel- 
escope is directed towards any part of the area whose length is 
/, and whose breadth is &, the meteor^path would cross the field 
of view. If all paths were of the same length, A, and were 
equally distributed over the heavens, a telescope would then 
command a portion of the whole heavens expressed by the 
fraction lb -r- surface of sky. Meteor-paths diminish somewhat 
in length with apparent brightness. On the other hand a path 
may perhaps be longer when viewed by aid of the telescope than 
when seen by the naked eye. Hence for the approximate mean 
value of I may be taken 12^*6, the mean value of the length of 
the apparent meteor-paths visible to the naked eye. Let b be 68' 

* AstroD. Nachrichten, xzxiz, 118. 
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and the ratio of those actually seen through one telescope to 
those which are bright enough to be visible in it is 58 X 12°*6 : 
860 X 60 X 180 -r Tf, or, 1 : 1863. I have selected the larger 
diameter of the telescope that the ratio may not be too large. 
For the same reason I prefer to reject in the divisor that part of 
the surface of the heavens within 15° of the horizon. This 
makes the ratio 1 H- 1371. 

We have seen that according to Bouvard's observations one 
person should see an average of eight shooting stars per hour. 
Hence if ^Vt ^ taken as the ratio of the number seen in a comet 
seeker to those seen by one person with the naked eye^ there 

should be in each hour , or 1582 shooting stars 

hourly that might be visible through a comet seeker if the whole 
heavens could be watched. The ratio between those visible at 
one place and those visible somewhere over the whole earth is 
1 -r 10,460 for common meteors. If the same ratio applies to 
telescopic shooting stars (doubtless not a very reasonable suppo- 
sition), we have for the whole number of meteoroids coming 
daily into the air, at least, 1582 X 24 X 10460, or more thAn 
400,000,000. There is, moreover, no reason to doubt that a 
farther increase of optical power would reveal still larger num- 
bers of these small bodies. 

10. Mean distance of the meteor-paths from an observer, — Although 
the data in our possession are inadequate to furnish the mean 
•distance of the meteor-paths from an observer, yet limits to this 
mean distance can be obtained. Not so large a portion of the 
meteor-paths along an oblique line can be seen as along a verti- 
cal line. Now from the distribution of the paths in absolute 
Altitude, and their distribution over the apparent heavens, can be 
<5omputed the mean distance on either of two suppositions : 

1st, That those paths along the oblique line tnat become in- 
Tisible are always the most distant ones ; 

2d, That the paths which become invisible are distributed 
«long the bblique line in proportion to the numbers along the 
line. 

It is evident that the first supposition affords a mean distance 
less than the truth, and that the second affords one that is too 
great. These two limits are found to be about 232 and 140 kilo- 
meters. It must, however, be admitted that in this computation 
the unavoidable errors arising from using finite summation for 
integration, and from other sources, are considerable. 

11. Mean foreshortening of the meteor-paths hy perspective. — To 
determine the effect of perspective in shortening the apparent 
;paths we have need to use the following geometrical proposition : 

If a sphere whose radius is a be supposed to have an indefinite 
-number of diameters, and the extremities of these diameters are 
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distributed uniformly over the surface of the sphere, and if 1 
be^a point without the sphere whose distance from the center of 
the sphere is b^ then will the mean value of the angles at 0, 

flubtended by all these diameters, be equal to - r-. 

The mean effect of the foreshortening by perspective may 
therefore be thus expressed. Let a diameter of the sphere be 
bent into the arc of a circle whose radius is b; then the angle it 
thus measures, is to the mean value of the angles at O, as any 
square, is to its inscribed circle. 

This effect is independent of the ratio a : 6, except that it 
must be less than unity. Hence the proposition may be applied 
to any number of short lines viewed by an observer, if the 
directions of the lines be properly distributed. 

If shooting stars came directly downward we should see all 
that were coming toward us, since they would be near the 
zenith. We should see few, if any, whose paths are at right 
angles to the line of vision, for those would be down near the 
horizon, and would be concealed by mists and smoke. It seems 
piobable that in this case the mean effect of foreshortening would 
be a little greater than that of the diameters of a sphere. 

Again, if the paths were all parallel to the horizon we should 
see an undue number moving nearly at right angles to the line 
of vision. For those which are diminished most by the fore- 
shortening would be near the horizon, and hence mostly hidden. 

But the directions of the meteor-paths are from all parts of 
the heavens from horizon to zenith. It seems reasonable to con- 
clude that the mean effect of foreshortening is intermediate also 
between that for paths coming from points in the horizon, and 
that for paths coming from the zenith. Hence it ought to be 
nearly represented by the diameters of the sphere. 

The conclusion may be thus expressed. The mean length of 
the observed paths of shooting stars is found to be 12°"6. If 
every path was supposed to be turned about its middle point, and 
bent into an arc of a circle of which the observer's eye was the 
csnter, the mean apparent length would be increased, in the ratio 
of a square to its inscribed circle ^ that is, it would be equal to 

12°-6X ", or about 16^-04. 

12. Mean length of tJie visible part of meteor-paths. -^-Ftoui the 
mean distance and mean angular length of the meteor-paths cau 
be computed approximately their mean lengths. For if / be the 
mean length, and b the mean distance, we have 

/ ^X 16^ 04 

T=r 3 — ^ or 4= 0-286. 

6 180** ' 

The twoliniits for the mean distance given above indicate that 
the mean length is less than 65, and greater than 89, kilometers. 
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These results should, however, be diminished a little, since- tho 
mean distance and mean angular length give too large a mean 
length. The smaller of the two limits given is doubtless much 
nearer the truth. 

13. Mean duration of flighty and the mean velocity of the shooting 
stars, — Mr. Wartmann of Geneva gives the duration of the flights 
of 368 shooting stars observed at Geneva during one night by 
six observers. The aggregate is 180»'33, which gives a mean of 
0»*49 for each flight. The mean of 499 estimates made in August 
and November last is 0»418. The mean duration of the 867 
flights is 0*'45. 

If the estimates of those observers who were accustomed to 
astronomical observation, and hence to judging of small inter- 
vals of time, had been alone taken, the result would have been 
very nearly the same. Almost all observers agree that the mean 
duration of flight is not greater than half a second. 

A mean duration of half a second, and a mean length of path 
between 89 and 65 kilometers seem to imply a mean velocity 
between 78 and 130 kilometers per second. The smallest of 
these (more than forty eight miles,) is twice and a half the veloc- 
ity of the earth in its orbit about the sun. This cannot con- 
sist with the supposition that most of the meteoroids move in 
closed orbits about the sun. Hence, we must accept as highly 
probable one or more of these three conclusions, viz : — 

1st, That the length of track is too long ; which seems to in- 
volve that the altitudes on which our computation is based are, 
on the whole, too large. All the altitudes greater than 150 kil- 
ometers, might, I think, have been safely rejected. 

2d, That the estimates of time are, in general, too small. This 
is quite probable. The mind may not make proper allowance 
for the time that elapses after the shooting star is seen, before 
the eye is directed to the place of the path. 

3d, That very many of the meteors move in hyperbolic orbits 
about the sun. Whatever may be said of the sporadic meteors, 
this cannot'be true of the members of the August and Novem- 
ber groups. 

14. The sporadic shooting stars cannot all belong to one narrow 
ring which has a diameter nearly equal to that of Hie eartlis orhit,— 
Such a ring would have to be but little inclined to the ecliptic in 
order to furnish meteors throughout the year. The bodies could 
not have a retrograde motion, else shooting stars would be seen 
only in the morning hours, and would, moreover, have a very 
distinctly marked radiant. 

They cannot have a direct motion. For their velocity must 
then be nearly equal to, and yet a little less than, that of the 
earth, in order that more be seen in the morning than in the 
evening. Their relative velocity on entering the atmosphere 
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would be not much greater than that of a body Ming to the 
earth from an infinite distance — that is, not much greater than 
11 kilometers per second. So small a mean velocity is entirely 
inconsistent with direct observations, as well as the conclusioDS 
given above. 

We might, it is true, suppose the ring to have a considerable 
breadth, in which case the meteors would have a larger mean 
relative velocity. But if the breadth be such as to furnish a 
velocity at all consistent with observation, we have no longer a 
ring lying between the orbits of Mars and Venus, but a disk ex- 
tending much beyond these planets. 

15. A large portion of the meteoroids must^ when they meet the earthy 
have absolute velocities greater than the earth! s velocity in its orbit; 
or^else, the sporadic meteors have a series of radiants at some rfw- 
tancefrom the ecliptic, and hence come from a series of rings consid- 
-erably inclined io the earihh orbit — For shooting stars cannot hvve 
relative motions upward from the earth's surface when they enter 
the atmosphere. If then the absolute velocities of the meteor- 
oids were all less than those of the earth, their relative motions 
(neglecting the earth's attractions,) would all be from points of 

'the heavens less than 90° from that point toward which the 
earth is moving. To an observer early in the evening but a 
small part of this hemisphere is above the horizon, while in the 
morning almost all of the hemisphere is visible. Hence, either 
the number of those seen in the morning should be very much 
Greater than that of those seen in the evening, or else there should 
be a radiant in that part of the sky which is above the horizon 
in the earlier hours of the night. If the earth's attraction be 
considered the disproportion between the morning and evening 
hours would be slightly diminished. But even with this allow- 
ance the increase through the night would be greater than the 
observed increase, unless one of the two suppositions above 
^ven is true. 

16. Distribution of the orbits of the meteoroids in the solar system, 
— There are at least three suppositions respecting the distribution 
of the orbits of the meteoroids in the solar svstem which are 
naturally suggested. Either of them may be considered as plaus- 
ible, ana one does not exclude another. 

1st. They may form a number of rings, like the August group, 
cutting or passing near the earth's orbit at many points along its 
circuit. The sporadic shooting stars may be outliers of such rings. 

2d, They may form a disk in or near the plane of the orbits 
of the planets. 

8d. They may be distributed at random, like the orbits of the 
cornets. 

According to the first of these suppositions there should be a 
succession of radiants corresponding to the several rings. Dr. 

I 
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Heis and Mr. E. P. Greg believe that they have detected such a 
series. Continued observation directed to this end will prpbably 
decide whether the meteoroids belong entirely, or mostly, to rings. 

According to the second supposition the apparent paths of the 
sporadic meteors should, if produced in the direction of the 
motion, all cut the ecliptic below the horizon. For the absolute 
motion of a meteoroid and the earth's motion being both in, or 
near, the ecliptic, the resultant relative motion should be from 
some point in the ecliptic. That point should be above the 
horizon, since the body must move downward to enter the at- 
mosphere. And as the apparent path produced backward cuts 
this point, it will, if produced forward, cut the ecliptic below 
the horizon. 

We have thus a simple means of determining whether the 
sporadic meteors come exclusively, or even largely, from a disk 
or a lenticular shaped group about the sun, like that which the 
zodiacal light is often supposed to indicate. 

If the third supposition is true, the mean velocity of the 
meteors is a function of the numbers of shooting stars in the 
different hours of the night. For, if the velocity is very small, 
few would be seen in the evening, while if it is very large, there 
should be nearly as many in the evening as in the morning. 

Consider a small spherical space in the upper region of the 
earth's atmosphere as receiving the meteors. 

By supposition the absolute motions of the meteoroids are di- 
rected in equal numbers from all parts of the celestial sphere. 
If their velocities are all equal and represented by v', the earth's 
velocity being v, if N^ represents the numbers of those whose 
absolute motions in a given period are from the visible celestial 
hemisphere, n the whole number that should come from all parts 
of the celestial sphere, and the distance from the zenith to that 
point of the heavens to which the earth is moving, then we find 
between these quantities the equation,' 
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Let I be the latitude of an observer, and h the hour-angle 
counting from the time when the point toward which the earth 
is moving is on the meridian, then when that point is on the 
equator we have cos a = cos I cos h. This will correspond to 
the mean of the year. Computing now the values of Nj,-rn, on 
the several suppositions v'= Vy/2^ v'= v, and t;'=Ji;, for the lati- 
tudes of New Haven, and of Paris we have the following table. 
When v'= v we have orbits whose major axes equal those of the 
earth. When v'= v i/2 we have parabolic orbits. 

' After reading this memoit) I found that Mr. A. S. Herschel had obtained the 
same formula. 
Am. Jour. Sci.— Second Sbribs, Vol. XXXIX , No. 116.— March, 1866. 
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Table shotoing the hypothetical distribution of the shooting ttars through the hom 

of the night. 



Hoar of the 
night. 


New Haven. 


Paris. 


o'=»-y2 


v'=v 


©'=•8© 
•970 


v'=v^2 


t)'==i> 


»'=^8« 


A 


•766 


•876 


•782 


^29 


•911 


7 


•756 


•862 


•954 


•726 


•818 


•897 


8 


•780 


•825 


•907 


•701 


•785 


•856 


9 


•687 


•765 


•882 


•664 


•732 


•791 


10 


•683 


•688 


•735 


•616 


•666 


•706 


11 


•669 


•697 


•622 


•660 


•686 


•606 


12 


•600 


•600 


•500 


•600 


•600 


•600 


1 


•431 


•408 


•878 


•440* 


•415 


•394 


2 


•367 


•812 


•266 


•884 


•385 


•294 


3 


•313 


•285 


•168 


•336 


•268 


•209 


4 


•270 


•175 


•098 


•299 


•215 


•144 


6 


•244 


•188 


•046 


•276 


•182 


.103 


6 


•235 


•126 


•030 


•268 


•171 


•089 



How mucli reliance is to be placed on these numbers of the 
Paris observer we know not. 

* Recherches sur lea m^t^ores, p. 220. 



The velocities have been considered as uniform. But it is 
evident that if the shooting stars have various velocities, the 
hourly distribution should correspond approximately to that for 
the mean velocity. 

The number entering a spherical space has been considered. 
In fact we have to consider the number entering the region of 
the atmosphere commanded by observers at one place. The two 
are not identical. For if so,- we ought, on the nights of 9-12th 
of August to have the conformable meteors equally distributed 
through those hours of the night in which the radiant is above 
the horizon. But there is in fact an increase of numbers till 
dawn. Hence the difference between the numbers seen in morn- 
ing hours, and those seen in the evening hours, should be greater 
than is given by the preceding table. 

On the other hand, the effect of the earth's attraction is to ren- 
der the numbers a little more uniform through the night. Again, 
there should be less difference between the morning and evening 
during the half year from July to December, than in the other 
half year, for the point to which the earth is then moving is 
north of the equator, 

Mr. Herrick estimated that there were about three times as 
many shooting stars in the morning as in the evening. Mr. 
Coulvier-Grravier gives the following* as the mean hourly num- 
bers of shooting stars at Paris : — 



6^— 6»» . . . 


...7-2 


10h__llh ... 


... 8-0 


3l»— 4^... 


...16-6 


6—7 ... 


. . • 6-5 


11—12 ... 


... 9-5 


4—5 ... 


...13-8 


7 8 ... 


...7^0 


12—1 ... 


. . . 10-7 


6 — 6 . . • 


...13-7 


8—9 . . . 


. ..6-3 


1 2 ... 


...13-1 


6—7 .,. 


. ..13'0 


9—10 ... 


...7-9 


2—3 ... 


...16-8 







H. A, Newton on Shooting Stars. 207 

This estimate, and these numbers, taken strictly imply a mean 
Telocity greater than that of a parabolic orbit. The character 
of the data does not allow the argument to be pressed. Yet we 
must regard as almost certain (on the hypothesis of an equable 
distribution of the directions of absolute motions), that the mean 
velocity of the meteoroids exceeds considerably that of the 
earth ; that the orbits are not approximately circular, but 
resemble more the orbits of the comets. 

17. Number of meteoroids in the space which the earth is travers- 

ing. — We have found that, of the space through which the earth 

is moving, a volume equal to that of the earth (atmosphere 

included), contains a mean number of meteoroids expressed by 

flie equation 

Rv 
¥=116-2 ——-.—-^. 

In this equation V is the mean relative velocity of the meteor- 
oids. If their absolute velocities were equal, and the points 
from which they come uniformly distributed over the heavens, 
we should evidently have 

For t)' we may use as an approximation the mean absolute 
velocity. If v = v\ then v = f v. li v' = v y/2, then V = f v. 
As the velocity seems to be greater than that of the earth, and 
more nearly equall to that of bodies moving in parabolic orbits, 
the latter value is preferred for V. On this supposition, and by 
neglecting ^, we find M greater than 14,000. If allowance be 
made for the space occupied by the earth's atmosphere we find 
that, in the mean, in each volume of the size of the earthy of the 
space which the earth is traversing in its orbit about the sun^ there 
are ccs many as 13,000 small bodies^ each body such as would furnish 
a shooting star visible under favorable circumstances to the naked eye. 
If telescopic meteors be counted, this number should be increased 
at least forty-fold. 

There seems to be little reason for supposing that the space 
near the earth's orbit is very much more thickly strewn with 
these bodies than other parts of the solar system. That they 
are grouped according to s©me law, is altogether probable. But 
a velocity different from that of the earth implies, of necessity, 
that they are not grouped clbsely about the earth's orbit. 

These bodies cannot be regarded as the fragments of former 

I worlds. They are rather the materials from which the worlds 

are forming. If astronomy furnishes any measure of their total 

mass we may therefrom obtain some idea, rude though it be, of 

the mean mass of the individuals. 
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Art. XXIV. — Action of Blnoxyd of Lead and Sulphuric Acid on 
Hippuric Acid; by Dr. Julius Maier, Chemical Assistant, 
School of Mines, Columbia College. 

Hipparaffin^ C/gH^NO. 

Hippuric acid, at a moderate temperature, is treated with 
binoxyd of lead and sulphuric acid, care being taken to avoid au 
excess of either. A strong evolution of carbonic acid ensues, 
and the mass congeals to a thick paste. This is placed on a 
filter, and washed with a dilute soda solution till the wash-water 
shows no further reaction of sulphuric acid. This mass is treated 
with alcohol, which dissolves the hipparaffin, and evaporated in 
a water-bath to one-half its volume. On cooling, the entire 
liquid congeals to a crystalline mass. The separated hipparaffin 
is collected on a filter, and washed with boiling water, until all 
acid reaction has disappeared, and is then redissolved in hot al- 
cohol, and allowed to crystallize. Hipparaffin forms a network 
of white silk-like needles, which melt at 210® C, subliming pre- 
viously at 100° C. They are entirely insoluble in water, that 
reagent not even causing them to become moist ; they are readily 
soluble in alcohol and ether. Hipparaffin owes its name to 
the fact of its not being perceptibly decomposed by acids or al- 
kalies. It is not soluble in solutions of potassa, and develops 
ammonia only after continued fusing with caustic potassa; it is 
easily dissolved by a mixture of sulphuric and nitric acids, and 
is not separated from this solution by water. Fuming nitric 
acid dissolves it with liberation of gas. This solution, after 
neutralization with carbonate of soda and evaporation, yields 
benzoic acid on addition of chlorhydric acid. Upon being 
heated in a stream of chlorhydric acid gas, a colorless oil passes 
over, which congeals to a crystalline mass. Schwarz,' who first 
described hipparaffin gave it the incorrect formula C^ ^HgNO,. 
I found its composition to be ^gH^NO, the formatiop of which 
is explained as follows : 

Hippuric acid. Binozvd Sulphuric Hipparaffin. Carbonic Sulphate of Water. 

lead. acid. acid. lead. 

€9ll9Ne3+Pb2e^+S2H204=€8H7Ne+€H2e3+S2Pb204+H2e 

Hipparin^ ^JgllgNOg. 

When an excess of sulphuric acid is used in the preparation 
of hipparaffin, an oily liquid is separated which rises to the sur- 
face of the alcoholic solution, and on cooling congeals to a crys- 
talline mass, on the addition of water. This mass dissolves in 
hot water, and crystallizes in long, white, glassy needles, grouped 
in the shape of fans. These needles melt at 49° C, and become 

* Schwarz Annal., Ixxv, 201. 
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solid at 20° C. They are soluble in hot water, alcohol and ether. 
Their formation may be explained as follows : 

Hippuric acid. Binoxyd Sulphuric Uipparin. Carbonic Sulphate of 

of lead. acid. acid. lead. 

Hippuric and Benzoic acids are entirely decomposed by heat- 
ing tnem with an excess of superoxyd of lead and sulphuric 
acid, all carbon being driven off in the form of carbonic acid. 

The following are the products of the decomposition of hip- 
puric acid by binoxyd of lead and sulphuric acid : 

1. €^HgNe3+Pb2e2+S2H2e4=:€8H9Ne2+€H2e3+S2Pb2e4 

2. €^H^N03+Pb2e2+S2n2e4=68HrNe+€H2e34-S2Pb2e44-H2e 

8. €9H9Ne3+Pb6e6+S6H60i2=€7n7Ne+€2H4e6+S6Pb6ei2+H4e^ 

Hi^uric acid. Binoxyd Sulphuric Benzamid. Carbonic Sulphate of Water. 

lead. acid. acid. lead. 

Action of Bromine and Iodine on Hippuric Acid, 
Bromohippuric acid, €J9H8BrN03. 

An alcoholic solution of hippuric acid, at a boiling heat, is 
treated with bromine; the solution is allowed to boil a few min- 
utes and water added, and then evaporated on a water-bath to 
one-half its volume. The yellowish brown color of the solution 
gradually disappears, and, on cooling, a white crystalline deposit 
is formed, which consists of fine needles plainly visible under 
the microscope. These needles are difficultly soluble in water, 
alcohol or ether, when cold, but readily soluble in all of these 
'media upon boiling. They are colorless; when moistened and 
allowed to stand for a short time at an ordinary temperature, 
they undergo decomposition and turn brown, owing to the sepa- 
ration of bromine. The aqueous solution has a strongly acid re- 
action, and is not precipitated by lime, baryta, or the salts of 
copper. Upon being heated with caustic lime, the crystals emit a 
distinct odor of benzonitril, and a violet colored oily liquid was 
formed, previous to which benzoic acid having a red color passed 
over. The crystals dried in vacuo and burned with oxyd of cop- 
per, and finally in a stream of oxygen, gave the following results : 

0*2735 grms. gave 0*4160 grms. carbonic acid and 0*083 grms. water. 
0*2760 grins, burned with caustic lime, gave 0*1995 grms. bromid of silver. 
0*8855 grms. burned wiih sod a- lime, gave 0*0405 grms. ammonia. 
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The salts of potash and soda could not be obtained in crystak 
The salt of lime, ^gH^CaBrNOg, crystallizes in fine white nee- 
dles, is difficultly soluble in cold water, readily so in hot water; 
dried between 90° and 100° C it was not decomposed. The 
analysis gave the following result: 0*8885 grms. of the dried 
crystals gave 0*0665 grms. carbonate of lime, the formula as cal- 
culated requiring 0*0692 grams. 

lodohippuric acid, flgHglNOg. 

This acid was obtained in the same manner as the bromine 
compound, employing iodine instead of bromine. To the alco- 
holic solution water was added, and it was filtered from the sepa* 
rated iodine ; the filtrate was allowed to stand over night. The 
solution which was at first brown became colorless, and fine 
needles were deposited. These are white, odorless, difficultly 
soluble in water, alcohol and ether^ in the cold, but readily so in 
all of them upon boiling. They are decomposed at 90° C, turn- 
ing yellow, owing to the separation of iodine. All the salts with 
the exception of that of silver are soluble in water. 

The crystals, when burned with oxyd of copper, and finally in 
a stream of oxygen, gave the following results : 

0*2430 grms. gave 0*3080 grms. carbonic acid and 0*0606 grms. water. 
0*2080 grms. gave 0*1590 grms. iodid of silver, when burned with caut- 

tic lime. 
0*4760 grms. burned with soda-lime gave 0*0240 grms. ammonia. 
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Art. XXV. — On Hie Preparation of Oxalate of Ethyl; by 

M. Carey Lea, Philadelphia. 

The processes described in the text books for the preparation 
of oxalate of ethyl are liable to objection. If we heat binoxa- 
late of potash with sulphuric acid and alcohol, we introduce into 
our distillate the decomposition-products of sulphuric acid in ad- 
dition to those of oxalic acid and alcohol. It has also been 
recommended* to heat oxalic acid in a retort until it begins to 

* Omelin Handbook, Cav. ed., ix, 179. 
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emit white fumes, and then allow alcohol to drop in through the 
tubulure. As the temperature at which the acid begins to sub- 
lime is considerably below that at which it melts, this process is 
apt to result in breaking the retort. 

I was therefore led to seek for a better process, and have used 
the following repeatedly, with very satisfactory results. 

A tube of an inch or more in diameter, and of a proper length, 
is drawn out at one extremity, and at the same time bent to an 
angle, somewhat as in the ordinary form of a combustion tube, 
except that the bent part is made less slender, and shorter (J inch 
diameter at extremity). The tube is then completely filled 
with dehydrated oxalic acid, except for the last two inches at the 
open end. This is closed with a cork penetrated by a tube. For 
this purpose the cork is not bored parallel with its axis, but in 
an inclined direction, so that the smaller tube when inserted two 
or three inches may touch the side of the larger. This last is 
then supported in a horizontal position over a gas combustion 
furnace, so that the bent end may be directed upwards, and the 
cork turned so that the small tube may touch the upper side of 
the interior of the large one. The tube should be supported 
about six inches above the m'wQ gauze of the furnace. The bent 
end of the tube is now connected with a Liebig's condenser, and 
the small tube with a flask containing alcohol of 42 B. The fur- 
nace is then lighted, and as soon as the acid melts, a stream of 
alcohol vapor is sent over it by heating the flask. The gas-fur- 
nace is maintained at a heat such that a very gentle ebullition 
^«hall be kept up in the tube. At the end of an hour to an hour 
and a quarter the operation is terminated, and the oxalic acid in 
the tube is converted into oxalic ether. The distillate also con- 
tains a little oxalic ether which cannot be separated by water, 
T)ut which may be used for preparing oxamid. Or the aistillate 
may be gently evaporated to one-tenth its bulk, and then may 
be mixed with a little water. 

This process gives an abundant product, and requires no at- 
tention after the proper temperature is once adjusted. In filling 
the tube with the oxalic acid, it is not necessary to leave an air 
passage ; the material settles in fusing sufl&ciently without. The 
oxalate of ethyl, which is a little brownish, and contains the 
usual impurities of the crude product, may then be purified in 
the ordinary manner. 
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Art. XXVI. — Method of applying the binocular principle to Ha 
eye-piece of a Microscope or Telescope; by Egbert B. Tolles. 

To apply the binocular principle to the eye-piece of a micro- 
scope or telescope, it is only necessary to make use of the erect- 
ing form of eye-piece, and to place the dividing prism at the 
point where the pencils composing the whole bundle of rays 
proceeding from the object cross in the eye-piece, which is the 
point where, in any erecting eye-piece, the diaphragm proper is 
correctly placed. 

If the theory of the erecting eye-piece of common form were 
generally understood, no demonstration that binocularity can be 
given to such an eye-piece would be necessary. 

Suffice it to say that, since any one pencil of light proceed- 
ing from any point of the object through the whole area of the 
object-glass does at this point equally fill the whole area of the 
diaphragm (that being of proper aperture) substantially in the 
same manner, therefore the division for binocular vision, if made 
here by the appropriate prism, must be a very nearly equal 
division of every particular pencil, and give a similar and satis- 
factory image of the entire field in each eye-tube. This is a suf- 
ficient expression of the whole theory of the binocular eye- 
piece. 

It is, however, important in order to avoid pseudoscopic 
eflects, to adopt the proper form of dividing prism ; and tnig 
form is precisely that best suited to that kind of binocular mi-t 
croscope in which the dividing prism is placed immediately 
above the objective. The natural presumption has been — con- 
trary to this — that prisms of rectangular form would give the 
proper effects in the eye-piece, because of the pseudoscopic 
effects produced by their use in the microscope of binocular 
body. But this is an error, inasmuch as the pencils proceeding 
to form the second image in the erecting eye-piece reach the 
small dividing prism under conditions suitable for correct vision 
of the object were the eye placed there, and, accordingly, the same 
false appearances obtain with the eye-piece of rectangular prisms, 
having oculars above, as if such division were made immediately 
above the objective ; the effect being, that the order in which 
the rays proceeding from the sides of the object or image viewed 
reach the eyes, as to right and left, is reversed from that which 
exists in natural vision ; the left eye receiving a preponderating 
portion from the right side, and the right from the left side of 
the object. 

It is to be noted, however, that the eye-piece with rectangular 
prisms, arranged after the first method of rrof. Eiddell, does not 
uniformly produce conversion of relief, or that inversion of per- 
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spective which obtained in that first experimental arrangement 
for a binocular microscope. Such a binocular eye-piece used in 
the microscope upon transparent objects only occasionally gives 
the view in depth thus inverted. With low powers, and consid- 
erable thickness of the transparent object, the view is usually 
pseudoscopio. With medium and higher powers, it is otherwise ; 
and the effect is much controlled in this respect by the direction 
of the light upon the object. 

When the binocular eye-piece formed with rectangular prisms 
is used in the telescope to view a landscape, the perspective is 
not throughout inverted, but portions of the field appear in- 
terposed between the eye and nearer objects in a singular and 
somewhat startling manner. 

By arranging the compound rectangular dividing prism so 
that the optical pencil is divided in the plane of vision^ instead of 
vertically, the pseudoscopio effect is almost entirely obviated. 

In constructing the binocular eye-piece, the prisms and arrange- 
ment of Nachet have been found to answer everv condition and 
requisite of binocular vision. The dividing prism being placed, 
ai before stated, at the point of crossing of pencils in the erect- 
ing eye-piece, each pencil of light will enter the small dividing 
prism and impinge upon its reflecting surfaces in a manner simi- 
lar to that illustrated in the Nachet binocular microscope. The 
binocular eye-piece has greatly the advantage over the other 
arrangement. For when the prisms are placed in the binocular 
body immediately above the objective, their position, in order to se- 
fure a proper division of each transmitted pencil, should change 
writh every change of objective used — which can be easfly pro- 
vided for in the case of low powers but is rather impracticable 
with the higher numbers, it being very difficult to bring the 
prisms sufficiently near to the posterior combination of the 
objective. On the contrary, when the binocular arrangement 
b embodied in the eye-piece, the prism being once fixed in 
proper position, as before described, is correctly placed for 
every power of objective, and the eye-piece, thus bmocular in 
form, is as applicable through the whole range of powers as if 
it were monocular. Applied to high powers, only one condition 
would be distinguishingly critical in the case of the eye-piece,— 
that of the centricity of the central prism. The form of erecting 
eyepiece found most advantageous in this binocular adaptation 
18 a duplication of the ordinary Huyghenian negative eye-piece, 
wherein the small dividing prism is very nearly at the eye-hole 
point of such a negative eye-piece as is ordinarily applied in the 
monocular microscope. At a proper distance above this is placed 
another negative eye-piece, in which is formed a second image 
of the object viewed. 

This form of erecting eye-piece gives less extension above the 

Am. Jour. Sci.— Second Series, Vol. XXXIX, No. 116.— Murch, 1865. 
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body of the microscope than the positive form, and for that reasoD 
is preferred. 

The annexed diagram illustrates 
the division of one lateral pencil 
proceeding from one point of the 
first image formed in the eye-piece, 
and its general course to emergence 
at the two eye surfaces of the eye- 
piece. When the eye-piece is con- 
structed of the form outlined in the 
annexed diagram, (which is about 
half size in the superior portion), 
the field is produced very satisfac- 
torily, and of tolerable expansion ; 
and does not necessitate more than 
4*50 inches extension beyond the 
microscope body. The. draw-tube 
can be as well withdrawn, and the 
eye-piece occupy its place, thus di- 
minishing somewhat the total ex- 
tent of the instrument. With 
proper modifications of the system 
of lenses placed before the prisms 
in the eye-piece, the whole binocu- 
lar arrangement can be brought still nearer the objective, and 
retain also all the characteristics of the binocular eye-piece as 
contradistinguished from the binocular microscope known andi 
in use. 

The objection that loss of light must occur on account of the 
additional front system of lenses pertaining to an erecting eye- 
piece, (the lower system in the diagram,) of course militates 
against this arrangement ; but there are, on the other hand, inci- 
dental advantages in the use of the erecting form. And moreover, 
if desirable, the "eye-lens" of the lower system can be success- 
fully united with the dividing prism, thus eliminating two sur- 
faces ; and it is practicable to make the field-lens of each upper 
system solid with the opposite prism. The binocular erecting 
microscope would thus have no more refracting surfaces than the 
instrument of negative form and binocular body. As the object 
is, for the sake of efficiency with a high power objective, to give 
as large area to the transmitted pencil as possible at the point 
where it undergoes division in the small prism, therefore the 
power of the front system should be kept down, and amplifica- 
tion, as far as necessary in the eyepiece, be produced after the 
division has taken place. The accompanying cut is in this re- 
spect not in strict proportion — the lower system of lenses being 
represented not more than half the distance apart that the 
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inost favorable arrangement for use with high powers (and 
equally with low) would call for, and the standard length of 
microscope body admit of. But the aperture of the lenses might 
remain about the same. 

Having obtained by this means a pencil (or beam rather) 
transmitted through the eye-piece of the greatest possible di- 
mension or area, at the point of binocular division, greater 
Amplification in the eye-piece, as to its total power, might be ad- 
vantageously effected by means of lenticular immergent and 
emergent surfaces of the upper prisms ; the lower face of each 
prism to be cowwa:, the upper emergent surfaces concave, giving 
achromatized refraction in each case. By this means, a larger 
field, together with a minimum length of tubes above the prisms, 
would be secured. 

By thus appropriating every surface of all the prisms not a 
" reflecting surface, for the purpose of lenticular refraction, the 
greatest aggregate advantage appears to be secured. 

Applied to the telescope, the binocular eye-piece should of 
course have, and practically has, the same characteristics as 
-when used in the microscope. In this case, however, the front 
lens of the eye-piece can be dispensed with. Its utility, as thus 
applied to those telescopes too large to be conveniently in the 
double form, is too obvious and striking to need remark. The 
Tiew thus obtained is truly stereoscopic. 

Canastota, N. Y., Dec. 1864. 

SCIENTIFIC INTELLIGENCE. 

I. PHYSIOS AND CHEMISTRY. 

1. On the wave lengths of Fraunhofer'^s lines, — Angstrom has com- 
municated to the Royal Swedish Academy of Sciences a merpoir on the 
wave-lengths of the principal fixed lines in the solar spectrum, which 
possesses great value not merely as a revision of ^raunhoter's determina- 
tions, but also as containing data not hitherto to be obtained. The 
measurements which form the basis of the work were executed by means 
of an optical theodolite by Pistor and Martins, reading by means of two 
microscopes to 2"'l of ATrC. The eye-piece was ako provided with a mi- 
crometer, the head of the screw being divided into 100 equal parts, each 
division of the scale corresponding to 1"*308 for parallel rays. The 
ruled glass was by Nobert, and contained in a space of 0*0155 Paris 
lines, 4501 divisions, drawn with a diamond. The error of the division 
according to Nobert's measures, was less than 0'()0002 of a Paris line. 
With this ruled glass Fraunhofer's lines could be seen in the third and 
fourth spectra, the lines being themselves more numerous and distinct 
than in the spectrum produced by a flint glass prism. The observations 
were calculated according to the well known formula 

tf sin dziimA, 
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in >vhich e is the distance between two successive lines = 0*000166954 
of a Paris inch ; A the wave length sought, the observed angles of dif- 
^ fraction, and m the number of the spectrum. The influence of varia- 
tiona of temperature and pressure of the atmosphere was found to be 
insensible ; that of the temperature of the ruled glass, which varied from 
13° C. to 18^ C, was also found too small to require the application of 
a correction. The same statement applies to a variation in the angle (?, 
arising from the absolute motion of the instrument in the direction of 
the path of the incident ray. As means of several determinations the 
following results were obtained for the lines measured by Fraunhofer, 
the unit of measure being T 'Ooofcoooo ^^ ^ Paris inch. 

B 2539-73 b 1916-50 H 146M8 

C 2426-29 F 1797-27 Hj 145398 

D 2178-59 G 1592-34 — 

E 1948-24 

The diflerence in wave lengths for the two D lines was 2-226 ; between 
the two £ lines only 0*395. (The numbers given above doubtless refer 
to the least refrangible lines in the cases of D and £.) The author gives 
a careful discussion of the results of the two series of measurements 
made by Fraunhofer, and arrives at the conclusion that the measure* 
ments made with Nobert's ruled glass deserve the greater degree of eonfi- 
dence. The following table gives the results of Angstrom's determisa- 
tions of the wave lengths of other lines in the spectrum, the unit being 
the same as above. 



A 
B 
C 



D 



2812 

2539-7 

2426-26 

2312*2, a strong atmospheric 

line. 
2287-3 

79-6 

76-8 

69-4 

67-7 

621 

55-1 
2179-70 ) J. ,. 
2177-48 i ®^*"™ "'^®*' 
2076-1 Iron. 

69-7 [ ^''^' 



A group of strong lines 
produced by iron 
and calcium. 



1. 
2. 
3. 

4. 2068-3 / T 

65-4 f ^^^°^ 



5. 
6. 

7. 

8. 

9. 

.10. 



11. 
12. 



\ 



13. 
14. 
15. 
16. 
17. 
£ 



60-1 
16-9 
13-6 I 
13-1 J 
07-3 
05 3 



6 
b 



(i 



it 



ti 



// 



1998*4 
97-9 
85-8 
85-3 
84-2 
83-5 

1974-2 
69-6 
68-1 
65-3 

1953-2 

1948*44 
48-04 
46-8 
34-6 
36-4 
19-6 

1916-^0 
12-39 

1-911-10 
10-49 
03-4 

1832-70 
19-1 
18-4 



Iron. 



a 
ii 

-ii 
■M 




» 



Iron and calcium. 



4« 

Iron. 



" double. 



" double. 
Magnesium. 



It 



) Iron and magnesium. 
) Iron. 
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08-3 Iron, double. 




71-2 


Iron. 


01-1 ** 
1797-27 Hydrogen. 
1632-2 Iron. 


9 
h 


62-4 
32-0 
15-9 


Calcium, double. 
Iron, double. 
No metallic line. 


28-5 ** 
20-4 " 




05-3 
02-0 


Iron, strong. 


04-3 Hydrogen. 
1598-8 Iron. 
1592-34 Iron. 

79-1 " 


H 


1495-2 
80-4 

67-2 


Strong, no correspond- 
ing metallic line. 
Calcium. 


74-7 " 


H, 


54-0 


i( 



n the concluding section of bis memoir tbe author points out a method 
jetermining the motion of the solar system by observing the interfer- 
e bands produced by a ruled surface of glass. The principle of this 
:.hod was laid before the Swedish Academy, Oct. 6, 1860, and was 
posed by Babinet two years ago in the French Institute. It depends 
ply upon the fact that if we assume that the rays which pass through 

openings in the ruled surface are propagated independently of £e 
tion of the instrument, the same must be true of the interference 
ids, and consequently, in observing with the telescope, an aberration 
st ensue proportional to the relation between the motion of the tele- 
pe perpendicular to its axis and the velocity of the light in the direc- 
1 of the axis. The results obtained in testing this method appear to 
ifirm the correctness of the theory, but* are not sufficiently numerous 
be decisive. The author proposes to resume the subject under more 
orable circumstances of weather. — Fogg, Ann,^ cxxiii, 489. w. g. 
Note, — The annexed table of wave-lengths, taken in connection with 
vt of Angstrom, will present to the reader, it is believed, all, or almost 

the exact knowledge which we have at present of the subject The 
t is here the iTr.xroV.TTXTTr ^^ * millimeler. 



Wave-lengtha 


1, 




Wav«-leDgth8 


• 


A 


= 7680 


Mascart. 


18. 


a'Hg 


5759 


Plucker. 


B 


6897 


Fraunhofer. 


10. 


yCO^ 


5599 


t4 


«L 


6763 


Miiller. 


20. 


ySnCL 


5584 


i« 


(?N 


6610 


(( 


21. 


^Hg 


5461 


it. 


C 


6559 


Fraunhofer. 


22. 


a CI 


5451 


(( 


aU 


6533 


PlUcker. 


23. 


^I 


5337 


t( 


«PC1, 


6493 


t( 


24. 


aSnCL 


5333 


»( 


aSnClg 


6445 


(( 


25. 


^0 


6328 


(( 


a SiCL 


6329 


i( 


26. 


E 


5265 


Fraunhofer. 


mm 

aO 


6150 


ti 


27. 


|9C1 


5216 


Plucker. 


UN 


6089 


a 


28. 


^COa 


5190 


t( 


<9PCl3 


6024 


(( 


286. 


yO' 


5185 


(; 


i?SiCL 


5978 


(( 


29. 


a Br 


= 5169 


t( 


n 


5947 


(t 


30. 


el 


5167 


t( 


1) 


5888 


Fraunhofer. 


31. 


ySiCL 


5050 


ii 


i^SnClg 


5794 


Plucker. 


32. 


F 


4856 


Fraunhofer. 


«Hg 


5782 


4( 


33. 


<?H 


4843 


PlOcker. 


17N 


5762 


ii 


|34. 


(?Br 


4793 


i( 



318 



Scientific InteWgende, 



35. 


yCl 


36. 


7 Br 


37. 


^Br 


38. 


?I 


386. 


^^2 


39. 


vl 


40. 


yPCl3 


41. 


«SnCL 


42. 


iCO^ 


43. 


ei 


44. 


^COj 


45. 


do 



4792 


Plftcker. 


46. 


rHg 


4359 


Pliicker. 


4766 


(I 


47. 


rH 


4339 


(k 


4691 


(C 


48. 


G 


4296 


Fraunhofer. 


4661 


(( 


49. 


fl 


4215 


Pmcker. 


4631 


Muller. 


60. 


H 


3963 


Fraunhofer. 


4629 


Pliicker. 


61. 


L 


3791 


Esselbach. 


4691 


t( 


62. 


M 


3657 


(( 


4624 


(i 


63. 


N 


3498 


M 


4601 


(t 


54. 





3360 


M 


4446 


Cl 


65. 


P 


3290 


U 


4382 


(( 


66. 


Q 


3232 


U 


4367 


it 


67. 


R 


3091 


«( 



w. o. 
2. 6)/i <A6 phenomenon of interference in the prismatic and diffractiim 
^ctra, — Stefan has commuDicated to the Viennese Academy an inter- 
esting paper on the interference bands discovered by Talbot and employed 
by Esselbach/ and subsequently by Bernard,' for the measurement of the 
wave-lengths of the ultra-violet rays. Talbot's method of obtaining 
these bands consists in placing a thin plate of mica before the eye in 
such a way as to cover one-half of the pupil, leaving the other half free. 
On looking at a prism so placed that the spectrum is distinctly seen, 
dark baads will be seen parallel to the edge of the prism, provided that 
the plate of mica covers the half of the pupil which is upon the same 
aide with the edge of the prism producing the spectrum. Stefan remarks 
in the first place, that the mica may be placed anywhere between the 
eye and the prism, and may even be cemented to the prism, provided 
^ifhat it cover the side next the edge. No bands are seen when the rajs 
.pass either through the covered or uncovered part of the prism above, 
but only when the eye receives rays which have passed through both 
these portions. The plate of mica may be cemented to the farther sur- 
ifoce of the prism, or placed at any point between the prism and the slit, 
provided that the part of the bundle of rays which traverses the plate 
also passes near the edge of the prism. The same bands may be seen in 
the diffraction spectra produced by a plate of ruled glass : when the mica 
covers the left half of the pupil the bands are seen in the spectra lying 
to the right, and vice versd. When two plates of mica are cemented to 
the same ruled glass, one to the right and the other to the left, with a 
narrow space between them which occupies the center of the pupil, bands 
are seen on both sides in all the spectra. These bands are similar when 
the plates are of equal thickness ; they disappear when the plates are 
brought together, unless one plate is thicker than the other, when the 
bands are seen toward the side where the plate is thinnest. The plate 
of mica must not be too thick in these experim.ents, as otherwise the 
number and fineness of the lines become so great that they can no longer 
be distinguished by the eye. For a prism of 46° the author uses a plate 
of mica 01 millimeter in thickness ; with a prism of 60° glass plates up 
to 0*15 mm. may be used, and a plate of this thickness gives about 120 
lines between B and H. The lines produced by thicker plates are best 
seen by looking at the spectrum with a telescope and placing the inte^ 



^ ^<'SS' Ado., xcviii, 513. 
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ference plate, as Brewster and Airy have done, between tbe eje and the 
eye-piece of the telescope, only, when the astronomical or inverting eye- 
piece is used, the plate of glass or mica must be placed upon the side 
which is away from the edge of the prism. Glass plates of the kind 
used as covering glasses for microscopic preparations are more even than 
plates of mica and give much sharper lines. The interference plate may 
be placed anywhere between the eye and the slit of the collimator. By 
attaching it to the objective on the side toward the refracting edge of the 
prism the lines are seen at once over the whole spectrum. It is import- 
ant, in the case of thick plates, that the surfaces should be parallel. A 
glass plate about three millimeters in thickness with a flint glass prism of 
^^*» gave about 2500 very sharp and distinct bands between B and H. 
The bands near B are produced by the interference of rays whose differ- 
ence of path amounts to over 2700 wave-lengths, while the interval be- 
tween those near H amounts to more than 5000 wave-lengths. By in- 
clining the interference plate its optical thickness is of course changed ; 
an increase of the inclination causes the lines to run from the violet to 
the ired end of the spectrum, and vice versd. The lines have their maxi- 
mnm deviations when the plate is perpendicular to the direction of the 
ray, and this affords an easy method of adjustment. As the plate may 
be placed anywhere between the objective and the prism or between the 
prism and the collimator, we have the means of determining the influ- 
ence of physical changes produced in the plate by heat or pressure. The 
same statements apply in general to the phenomena as seen by the dif- 
fraction spectrum. Finally it is possible to produce the interference 
bands by placing the plate in front of the slit so as to cover one-half of 
the opening. In this case it is a matter of indifference upon which side 
of the slit the plate is placed.-^Poy^. Ann,, cxxii ; from Sitzungs Ber. 
der kais, Akad, der Wiss., xlix. w. g. 

3. On thermo-electric batteries of remarkable power, — Bunsen ha» 
found that kupferkies possesses a far higher place in the thermo-electric 
series than bismuth, and thht pyrolusite is also superior to the metal 
though inferior to kupferkies. When kupferkies is combined with an 
alloy of two parts of antimony and one of tin, or, in order to employ 
high temperatures, with copper, a couple is produced which, under equal 
circumstances, gives far more powerful currents than any combination 
hitherto known. In four experiments the ratio between the electro-motive 
forces in a kupferkies-copper element and in Danieirs battery was found 
to be as 1 : 14*7, 1 : 11'9, 1 : 10*9, and 1 : 9*7, while the essential resist- 
ances to conduction were 0*74, 0*79, 0*72, and 0*72. During the experi- 
ments the temperature of one end of the element, which was plunged 
into water, was about 60^ C, while that of the other end was above that 
of melting tin. The battery gives a ten times more powerful action than 
a bismuth-antimony element of the same resistance heated to 0° and 
100**. Ten pairs of the kupferkies-copper elements fully replace a Dan- 
ielPs pair of fourteen square centimeters of active copper surface. Kup- 
ferkies is easily fused at a high temperature and may be cast in a mould, 
but its place in the thermo-electric series is then far below that of bismuth. 
The native mineral, which is easily worked, must be employed. Pyrolu- 
site combined with platinum gives a battery, the electro-motive force of 
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wbicli may be easily brought to -^ of that of Danieirs battery wifhooi 
decomposing the mineral. In one experiment Bunsen found the electro- 
motive force of pyrolusite and platinum not leas than ^^ of that of Danieiri 
battery, but the resistance to conduction was 18*4 times as great as that 
of the Daniell's cell used for comparison. — Po^^g, Ann^ cxxii, 505. 

w. G. 

4. On the thallie alcohols. — Under this term Laitt has described the 
compounds which are formed by replacing an equiralent of hydrogen in 
wood-spirit, common alcohol, <S?e., by an equivalent of thallittm, and which 

are represented respectively by the formulas ^ t^ r ^2> * ti t ^a* 

C H ) 

10 Tl i ^2» ^^ Methyl-thallic alcohol is solid and crystalline. The 

ethyl compound is a heavy colorless oily liquid ; its density at 0^ is 
3*550; its indices of refraction for B and H are respectively 1*661 and 
1*759, the difference between these numbers which measures the disper- 
sive power is 0*098, while the corresponding difference for bisniphid of 
carbon is 0*079. The amyl-thallic alcohol is also a colorleBs oil, but its 
refractive and dispersive powers are much less than those of the oorrw- 
ponding ethyl compound, which is at once the heaviest, the most refrae- 
tive and the most dispersive of organic compounds. The thallie alcohols 
are decomposed by boiling; they give by distillation pure hydrogen, 
alcohol, the corresponding acid and a large residue of metallic thalliom. 
All three compounds bum in the air with a green, more or less brilliant 
flame, and all are soluble in the corresponding alcohol or in ether. Chlo- 
roform also dissolves thallie alcohols, but the solution is soon decomposed 
with deposition of protochlorid of thallium. Water decomposes these 
compounds, producing a hydrate of the oxyd of thallium and regenerat- 
ing the alcohol proper. Acids also decompose them, but carbonic acid 
forms a solid and definite combination. The analogy between this class 
of compounds and the corresponding bodies containing potassium and 
sodium is striking, and confirms the correctness of the view which asso- 
ciates thallium with the alkaline metals and separates it from lead. — 
Comptes Rendus^ lix, 780. w. o. 

5. The Correlation and the Conservation of Forces} — ^Under this title 
Dr. Yonraans has presented a collection of memoirs by Grove, HelmholtJ, 
Mayer, Faraday, Liebig, and Carpenter, together with a well written in- 
troduction and brief biographical notices of the various writers whose 
works he has collected. The work is a very welcome addition to our sci- 
entific literature, and will be particularly acceptable to those who wish to 
obtain a popular, but at the same time precise and clear view of what 
Faraday justly calls the highest law in physical science — the principle of 
the conservation of force. To scientific men the book will also be most 
useful for convenience of reference. Sufficient attention has not been 
paid to the publication of collected monographs or memoirs upon special 
subjects. Dr. Youmans's work exhibits the value of such collections in a 

* The Correlation and Conservation of Forces. A Series of Expositions, by Pro£ 
Grove, Prof. Helmholtz, Dr. Mayer, Dr. Faraday, Prof. Liebig, and Dr. Carpenter. 
With an Introduction, and Brief Biographical Notices of the Chief Promoters of the 
New Views. By Edward L. Youmans, M.D. 12mo, pp. idii, 488. N. Y. : D. Ap- 
pletoa & Co. 
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ytrj striking manner, and we earnestly hope that his excellent example 
may be followed in other branches of science. Meantime we will permit 
oaraelves to beg that the faithful laborer in the cause of science and the 
liberal publisher to whom we owe this volume will still further add to the 
obligations under which they have laid men of science by giving a com- 
plete collection of the mathematical papers which have appeared upon 
the subject of the mechanical equivalent of heat, and which are now 
scattered through many volumes of scientific journals and transactions of 
learned societies, so as to be accessible to few and inconvenient for all. 

6. A new developing solution, — Some experiments recently undertaken 
in company with Mr. A. B. Crockett for the purpose of ascertaining the 
quality of different developing solutions, have led us to the conclusion that 
a mixture of double sulphate of potash and iron with double sulphate 
of ammonia and iron, produces better results than any hitherto used. 
The negatives made by this combination are remarkable for clearness of 

: the shadows, and beauty of half tones, without an excess of intensity in 
the high lights. The solution acts with remarkable regularity and uni- 

'' hrmhyy and has little or no tendency to produce fogginess, or a thicken- 
ing of the fine lines, even when kept upon the plate for a long time. 

In practice the following formula was found most convenient. Although 
not theoretically exact, it produces excellent results. 

Pure water, 32 oz. 

Neutral sulphate of potash, - - - •■$•'* 

Proto-sulphate of iron, f " 

Double sulphate of ammonia and iron, - - 1 " 

To this solution add two drops of ammonia, two ounces of acetic acid, 
and alcohol sufficient to make it flow evenly over the plate. a. e. v. 

II. GEOLOGY. 

1. IJ'ote on the OMogical age of the New Jersey Highlands as held 
hy Prof, H, D, Rogers ; by J. P. Lesley. — The last sentence of an ar- 
ticle in the January number of the American Journal of Science, (at p. 
97,) extracted from the Proceedings of the Natural History Society 
of Montreal, seems to me to do great injustice to Professor H. D. 
Rogers, and other geologists, whose views of the structure and rela- 
tionships of the rocks of the Highlands have long been published, and 
are in this article both ignored and misrepresented. The sentence to 
which I refer reads as follows : — 

'^This conclusion, although opposed to the views of Mather and Rogers, 
who looked upon the crystalline rocks of the latter region [the High- 
• lands, to which the interesting mineral region of Orange county and the 
adjacent parts of New Jersey doubtless belongs] as altered Lower Silurian 
strata, is in accordance with the older observations of Vanuxem and Keat- 
ing, and with the more recent ones of Professor Cook, according to all of 
whom the gneiss and crystalline limestone of Orange county and of New 
Jersey underlie unconformably the Lower Silurian strata." . 

Now Prof. Rogers, to my certain knowledge, not only never expressed 
inch an opinion, at any time, but has always maintained just the reverse ; 
and proved, thirty years ago, what be published on page 43, (Chap. 2,) of 
Ax. Joua. Sci.— Second Sbrtbs, Vol. XXXIX, No. 116.— March, 1865. 

29 



328 Scientific Intelligence, 

his New Jersey Repoft, in 1840, viz: that the '^ aedirnentarj rocks [of 
the Lower Silurian system] repose in immediate contact with the gnetw, 
presenting from the attitude of their beds, abundant evidence that thej 
were precipitated upon it [that is, upon the system of the Uighlands is 
New Jersey] while it was yet only in part elevated above the waters.* 
The Canadian geologists will find in these words a clear statement of 
precisely the view which they themselves have learned to entertain hj 
their week's excursion last summer. ^ 

Whatever errors Rogers may have made — and we all make errors — no 
one can charsfe him justly with so tremendous a blunder as that of re- 
garding the Highland range as a metamorphic repetition of the Siluriai 
sediments, lie mistook indeed the crystalline limestones engaged among 
thjs Highlands for metamorphosed synclinal outliers of No. II, as at 
Franklin (see page 62, New Jersey Report) ; but this Is an exceptions! 
case, as any one can see by studying the true outlying Silurian synclinals 
represented as sunk among the gneiss hills on Rogers's long sections in 
the New Jersey Report; or by referring to the many sections (made very 
nearly at the same time) of the synclinal Silurian valleys among the Du^ 
ham hills of Pennsylvania. Professor Cook has seen horizontal Pots- 
dam or Calciferous beds overlying these upturned Franklin limestones; j. 
(see this Journal, [2], xxxii, 208) ; and there are exposures of sim* li 
ilar crystalline limestones, west of New Jersey, where the evidence it §> 
rathei* in favor of, than against, their subsilurian age. But Prof. Rogen*! 
synthesis of Appalachian geology was on too grand a scale to permit kim 
to overlook as a whole and in the main the mutual relationship of tin 
Silurian and Azoic Systems. The words which I have quoted above an 
immediately followed by others showing how clear and large a view he 
took of the subject, a view which the Canadian geologists are only illifi* 
trating : — 

*' As the same strata [the Silurian], moreover, hold a similar relation to 
our primary rocks throughout their entire range, from Vermont to Ala* 
bama, separated from them by no other group of strata yet discovered, 
claiming an earlier origin, I have deemed it expedient, for the sake of 
classification, to confer upon them the title of the Older Secondary ^inti^ 
of the United States .... with the synonyme of the Appahchian S^h 
tern of Strata." (p. 44.) 

On page 12, Rogers designates the Highland rocks as the"6W« 
systenij" and, on page 13, carefully distinguishes them from the Statei 
Island, Trenton, Philadelphia rocks, on the south, as he subsequently dis* 
tinguishes them from the Potsdam, Trenton, and Hudson river Silurian 
on the North. On page 11, he gives his column of Formations, and 
places the *' Primary Eocks" of the Highlands, underneath No. 6, of Um 
^^ Lower Secondary Mocks ;"*^ a white quartzose sandstone, somewhat 
coarse and friable: occurs only in a few localities*' ; and pages 12 to 48 
are devoted to a Chapter on these rocks, under the heading ** Primary 
Roche of the Slate : Geology of the Highlands^ 

In fine, no geologist, even of small capacity, could study the New Je^ 
sey Highlands, the Durham Hills of Eastern Pennsylvania, and their 
continuations in the South Mountain and Blue Ridge, and even conoeivo 
the suspicion, much less publish it as a conviction, that their strata were 
metamorphic representatives of the Silurians. We know very well 
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that to any that Rogers thought or said sucfh a 'h^tisme is to do him gross 
iDJnstice. 

Blast of the Hudson, there seems to have been made by Rogers, Hall^ 
Ix^n and many others, all, in fact, except Emmons, a gross 'mistake of 
this kind, owing to peculiar circumstances, iprincipally the presence of a 
jrreat fault of unknown size and location, secondly, by the .obliteration of 
the usual fossils from the top-slates ('* Hudson River") of the Lower SiUi* 
rian System, and thirdly, by a serious change in the Lower Silurian group 
itself, viz: its expansion in tiiickness toward the northeast, ^hich made it 
at first to be confounded with the true Highland gneiss-range running 
behind it. But. in Southern New York, New Jersey, Pennsylvania, and 
tfiiriher south, no such mistake was possible, and at least was never made 
by Rogers. In fact he had enjoyed such advantages for studying the phe- 
Bomena of this very belt that he was jiust the last man in the world who 
4ould have made it 

I think the above reclamation is due, in his absence, to Professor Rog* 
ers, whose untiring energy and devotion to Appalachian geology did so 
4nuch to lay fundamental views, which our Canadian friends will find it 
:beyond their power to do more than illustrate. I wish they would fry 
:their hand at bearing the veritable crux criticorum of our geology, the 
age and relationships of the Philadelphia-Baltimore belt. There is also 
sometliing to do about our Potsdam sandstone. For as to the patches of 
ao-cailed Potsdam on the North face of the Highlands at Reading — the 
long ridge of Potsdam crossing the Schuylkill, 15 miles above Philadel- 
pkia — the cliffs of so-called Potsdam at Chicques rock, on the Susque- 
lianna, two miles al>ove Columbia — the supposed Potedam at the an- 
ticlinal of the Nittany Valley, crossing the Juniata near the foot of the 
Alleghanies — I think it is very doubtful, in spite oi the Scoli thus /linearii 
which they contain, whether these correspond exactly to the New YorJc 
bottom layer of the Silurian. The structure of the Chester county val- 
^y, of white marble, with a Potsdam barrier on th% north and a mica 
4riate and serpentine country on the south, is a great puzzle. If ^ir Wil- 
liam Logan and Prof. Hall will take these m hand they will ru& small 
<fisk of doing injustice to anybody. 

At the same time, it is very satisfactory to have a well ^ined Cana- 
-dian eye, familiar with Laurentian lithology, after taking a good look at 
.our gneissic mountains, pronounce them certainly Laurentian and not 
Huronian, and to receive from the same high authority the announce- 
ment that the Sillery sandstones and other .prominent members of the 
Quebec group disappear, coming this way, at about the latitude of the 
Hudson Gap. For we have been looking for their representatives in 
Pennsylvania, in vain; although Emmons is understood as identifying his 
TaiBonic system with the rocks of the southeast side of tUb Great Valley. 
Philadelphia, Jan. IS, iSdS. 

2. Skulls of the Reindeer Period from a Betgtan bone-cave, indicating 
a superior^ as well as an inferior^ race of jirimitive men in Europe, — Prof. 
Van Brnkdes, the distinguished zoologist of Belgium, in recent explora- 
tions in caverns, has found, as he writes to lohn Lubbock, Ksq., of Chisel- 
hirst, Kent, crania of two distinct pre^hii^toric races, of the Reindeer period, 
and one of <theai, that leaat well j)re&erv«d, ** est franchement .brachy«> 
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cephale et prognathe^ raaia avec une belle boite crftnieone." The cavern 
is in the Carboniferous limestone, 30 or 40 meters above the level of tbe 
Lesse. A large number of human remains were found. — Reader, Jan,1, 
8. CanU of foHsils. — Prof. H. A. Ward, of Rochester, New York, if 
ooniributing greatly to the diffusion of n knowledge of geological science 
through Uie country, by furnishing casts, made under his direction, of 
fossils of various kinds, from those of the Megatherium, Dinotheriuio, 
Glyptodon^ and others of gigantic dimensions, to those of Ammonites, 
Trilobites, e.g^ of ^piornis, Gold nuggets, etc. The casts are remark- 
ably well made, firmly secured against breaking, and of high finish. All 
itisiitutions in which geology is taught, would find it greatly to their ad- 
vantage to supply themselves with some of the Rochester casta. 

4. Oeologkal Survey of Canada^ Sir W. E. Logan, Director. Figvret 
and Descriptions of Canadian Organic Remains^ Decade II : Oraptolites 
of the Quebec Oronp, by James Hall. 152 pages, 8vo, with 21 plates 
and many wood-euts. Montreal, 1865: Dawson JSroth£rs ; Loudon, New 
York, and Paris: Bailliere, — The first, third and fourth Decades of tbe 
figures and descriptions of Canadian Organic Remains, published as a 
part of the Reports of the Geological Survey of Canada, were issued in 
the years 1658,1659, as announced in this Journal in vol. xzvi, at p. 
299, and vol. xxviii, at p. 148. The second Decade, just now pubUsbed, 
contains an elaborate and extended memoir on the Canadian Graptolitei 
by James Hall. The wonderful variety of these fossils afforded by the 
Quebec group has enabled Prof. Hall to throw great light on the growdi, 
development and structure of Graptolites. The numerous pUtes con- 
tain full and excellent illustrations of the species. The number of specia 
recognized in the Quebec group is over Jiftg^ and none of these are known 
higher in the series. In the Trenton and Hudson River groups the whole 
number known is about thirty, and in the Upper Silurian there are bui 
two (and these occur in the Clinton group), excepting the species of the 
genus Dktyonema^ l^re referred by Hall, of which there are three species 
in the Quebec group, one in the Trenton, three in the Niagara, one in the 
upper Helderberg and two in the Hamilton. 

5. Alger's Cabinet of Minerals, — The excellent Cabinet of minerale 
made by the late Francis Alger, of Boston, has been purchased for AUe** 
ghany College, Meadville, Pennsylvania. 

III. BOTANY AND ZOOLOGY. 

I. Harvard University Herbarium, — This -establishment is noticed in 
the Annual Report of the President of the University to the Board of 
Overseers, made in January last, as follows : — 

"Dr. Asa Gr|iy has presented to the University his invaluable Herba- 
rium and his Botanical Library ; which have been safely transferred to 
the fire-proof building furnished, at a cost of over twelve thousand dol- 
lars, by the generosity of Nathaniel Thayer, Esq., of Boston. -A fund 
has also been raised by subscription, for the support and increase of the 
collection. . . . The gift of Dr. Gray cannot be estimated in money, but 
it embraces the results of many years' labor faithfully given by that die- 
tinguished botanist, aided by the generosity of his -collaborators and oo^ 
respondents in various parts of the world.'' 
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The collections were fermnlly presented by the following letter : — 

" Botanic Garden^ Cambridge, November 80, 1864. 
^To the Key. Dr. Hill, President of Harvard University, 

^ My Dear Sir : — I have the pleasure to inform you that the Herbarium 
Ad Botanical Library, which a year ago I offered to present to the Univer- 
sity, are now safely deposited in the building erected for their reception by 
Mr. Thayer. I have regarded thera as belonging to the University from 
the beginning of the present year: but I wish more formally to make 
thera over to the President and Fellows, as the foundation of the Har- 
vard University Herbarium. 

'^The Herbarium is estimated to contain at least 200,0ti0 specimens, 
and is constantly increasing, From the very large number of typical 
specimens it comprises, its safe preservation is very important. 

"The Library, from the rough catalogue which has been made out, 
contaras about 2200 botanical w^orks — perhaps 1600 volumes, and nearly 
as many separate memoirs, tracts, &c 

"The current expenses of the establishment for the first half of the 
year now drawing to a close have been defrayed by Dr. Jacob Bigelow, 
who placed in my hands a special donation of two hundred dollars for 
diis purpose. 

** I had stated that the income of a capital sum of $10,000 would be 
required to defray the current expenses of the Herbarium, i. e. for the 
3>urchase of certain collections and books not obtainable by exchange, 
?or freights and charges, paper, alcohol, fuel, &c. I am informed that 
this sum, which Mr. George B. Emerson undertook to raise by subscrip- 
tion, is substantially secured. It is desirable, but probably not at this 
time practicable, that this endowment should be so far extended as to 
provide for the services of a Curator, so that I could myself devote valu- 
able time to the prosecution of important botanical works for which I am 
prepared, and to which I am pledged. 

" I have the honor to be, with great respect, very truly yours, 

Asa Grat." 

We understand that extensive collections of botanical specimens, to be 
added to the herbarium, have recently accrued. Among them are — 

A full suite of Mr. Charles Wright^s collections, (about 2500 speci- 
mens,) made in Cuba daring the past four years, and just now arranged 
and distributed among botanists. 

A. very interesting set of plants recently collected, chiefly by Professor 
Brewer, in the Geological Survey of California under Professor Whitney. 

The numerous and important duplicate Carices, (and other Cyperacece^) 
of the late Dr. Boott, presented by Mrs. Boott; the proper herbarium, 
set of Varices having been bequeathed to the herbarium of the Royal 
Gardens at Kew. 

A large collection of plants of Mauritius and Madagascar, and a con- 
tinuation of the distribution of the British East Indian herbaria of Grif- 
fith, Heifer, &c., presented by the directors of the Royal Botanical Gar- 
dens and Herbaria at Kew. 

A similar distribution (in continuation) of plants of the Dutch East 
Indies and Japan, from the Royal Nether4ands Herbarium, Leyden, now 
under the charge of Professor Miquel 
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A selection from the Mexican collections of the Wite Profeeeor Lietv 
mann (Oaks, Ferns, CypetHxcece, <&c.) ; from the Royal Danish Botanie 
Garden, Copenhagen. 

An extensive set of autihentically determined plante of Persia, Siberia, 
and Northern China, from Professor Bunge of Dorpat; and of Algeriai 
plants, (&c., from Dr. Cosson. 

A set of Maudon^s plants of the Andes of Bolivia; acquired bj. 
purchase. 

A fine general collection of Alpce, from Professor Agardh of Lund, 
authentically named, according to his new Species Mgarum, 

But the most notable accession is the munificent gift which has just 
been made by John A. Lowell, Ei^q., of all the botanical books of his own 
library which the new ef^tablishment did not already possess, being chiefly 
very large, choice, and costly works, such as the Flora Danica, Sibthorp's 
Flora Graeca, Bateman^s Orchiilacese of Guatemala, the Botanical Regiit- 
ter. Botanical Cabinet, Botanical Repository, Richenbach's Icones, tli« 
large edition of Duhamel, the great works of Jacquin, and others of tb« 
same character, — in all 335 volumes, the pecuniary value of which must 
be reckoned at several thousand dollars. 

The building, to which these treasures are consigned, is of brick, upon 
a granite foundation, with freestone facings, is 32 feet in front and 56 
fe*ft deep, a story and a half high, the walls all hollow and ventilated, for 
greater security from dampness. On the side next the residence of the 
Professor (with whose private study it is connected by a cold conserva- 
tory, 18 feet in length), the wall i» entire, except at the private entrance, 
which is guarded by a double set of wrought iron doors. The room for 
the herbarium (for greater security against fire) is also separated from 
the small working-rooms and library and entry in front, by a hollow 
brick partition, through which passage is had only by heavy iron doors. 
In the half-story over the front rooms are two other commodious working 
or store rooms. The principal room, for the herbarium, is about 30^ by 
35 feet, and 19 feet high to the vaulted ceiling. It is lighted by a domed 
skylight, and by a large double window in the north-western end. Al the 
height of about 8 feet, an iron gallery, four feet deep, surrounds the apart- 
ment, interrupted only by the large window. The space between the 
^oor and the gallery is completely filled by the herbarium-cabinets, ex- 
cept upon one side of the entrance, where a sort of furnace or stove, of 
soapstone, chiefly in the front room, comes through the partition wall, and 
supplies warm air by registers. The walls above the gallery are reserved 
for a second and similar tier of cabinets, to be constructed when needed. 
The cabinets, casings, and all the woodwork except the floors (which are 
-of hard pine, bedded in mortar) are of chestnut wood. The building 
was constructed under the superintendence of the architect, Mr. Edward 
D. nam's, in a thorough and durable manner, and it is hoj^ed will. form 
a safe and permanent place of deposit for the collections which have been 
and may hereafter be consigned to it. 

2. Story about a Cedar of Lebanon, — In the Edinburgh Review for 
-October last, turning over the pages of an article on Coniferous Trees, we 
^•ead, with more of amusement than instruction, a detailed account of the 
>famous Cedar .of ^Lebanon, in the Jardin des Plantes, which, the Review- 
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er informs trs^ i& ** well-known from an anecdote connected with its arrival 
there." 

*' It appears that about one Imndred and thirty years ago, viz. in 1737, 
M. Bernard de Jussieu, the celebrated botanist, when travelling in the 
Holy Landy bad brought away with him, from among the cedars, of 
Mount Lebanon, a little seedling. Being unprovided with better means 
of conveyance, he made a Jiower pot of his hat, in which he planned it. 
He got it safely on board the vessel in which he sailed for France ; but 
tempestuous weather and contrary winds drove the ship out of her 
course, and prolonged the voyage so mnch that the water began to fail," 
.... And the narrative goes on, at great length, to say how the passen^ 
gers were reduced to the allowance of half a glassful of water a day,'— 
how Jussieu, "all through the lengthened voyage, under the bright sun^ 
of the Mediterranean, shared his half glassful of water with his little 
plant," — how ** his own strength began to sink under the prolonged pri- 
vation, but he n« ver flinched, and arrived at Marneilles with liis own . 
health damaged, but with that of his little plant uninjured," — how it is^ 
said that he came near losing his treasure through the incredulity of the 
custom house ofiicers, who suspected a contrivance for smuggling jewel* 
or prohibited articles under the roots of the seedling; — how his entreaties 
and eloquent appeals at length prevailed, and he was allowed to carry 
his seedling undisturbed to the Jardin des Plantes, where it was planted, 
and became a great and famous tree ; — how it grew and flourished unti^ 
it rencheil one hundred years of age and 80 feet in height; and, Anally, 
how ** in its hundredth year (1837) it was cut down to make room for a 
railway, and now the hissing steam-engine jxxsses over the place where it 
stood,^ (The italics are our own.) 

Of course, it is almost unnecessary to tell our readers that Bernard 
Jussieu never visited the Holy Land, and was not likely, if he had, to 
come home bare-headed, using his hat the while for a pot ; that the fact, 
or at least the accepted tradition, is merely this, that he brought the 
seedling Cedar from England to Paris in his hat. The story of tlie voy- 
age from the Levant to Marseilles appears to be an adaptation of one 
about the three Coffee-plants, which Jlra/otn^de Jussieu, in the year 1720, 
sent from the Jardin des Plantes to the vessel commanded by Capt. De- 
clieux, who was charged by the French Government with the duty of 
iransiK)rting them to Martinique. The voyage being unusually long, the 
water is said to have given out, two of the precious plants died, and the 
remaining one is said to have been kept alive by the devotion of the 
Captain, who bestowed upon it his own scanty ration of water, and so 
preserved the ancestor of all the coffee-plantations of the Antilles. For 
this devotion, wc presume, his name is commemorated in the genus De* 
clievxia, of the Coffee Family. 

What are the other ingredients of this pot-pourri we are unable to 
conjecture. But the naturalists of the Jardin des Plantes may be some- 
what astonished to learn that a railway traverses their peaceful groun«!8, 
and that a hissing steam-engine runs over the steep little hill upon which 
flourished, and as they fondly imagine still flourishes, Be rnardde J ussieu's 
Cedar of Lebanon. 

We learn from this same article, farther on, that **poor Douglas," the 
botanical explorer of Oregon and California, " perished at last in a pit- 



228 Scientific Intelligence. 

fall set for hears or hvffahs in a North American forest ; and that tlt« 
average height of full-grown trees of the Mountain Redwood, {Sequoia 
gigantea, wliich tbey still call Wellingtonia in Scotland) is full tliree 
hundred feet! 

3. Calluna vulgaris in Newfoundland, — Mr. Murray, late of the Geo- 
logical Survey of CanadH, and now engaged in a survey of Newfound- 
land, liaA brought to Montreal specimens of this plant, which were col- 
lected by Judge Robinson, on the cast coast of Newfoundland, near Fe^ 
ryland (Ul. 47^ long. 52^ 60'), and which are stated to be from a small 
patch of the plant not more than three yards square. 

4. Preservation of Starfiahes with natural colors ; by A. E. Verrtll. — 
Star6shes may be drieil, so as to retain their natural colors almost unim- . 
paired, by immersing them in alcohol of moderate strength for about a 
minute, or just long enough to destroy the life and produce contraction 
of the tissues, and afterward drying them rapidly by artificial heat 
The drying is best effected by placing them upon an open cloth stretched 
tightly u|)on a frame and sup|)oited a few feet above a stove. Care should 
be taken not to raise the heat too high, as the green shades cliange to red 
at a temperature near that of boiling water, hy this process I have suc- 
ceeded in preserving the delicate shades of red, purple and orange of the 
species found on the coast of New England, including Solaster papposus^ 
S. endeca^ Cribella, Asteracanthion pallida^ A. littoralis, and various other 
species, specimens of which are in the Museum of Yale College. 

The same process is equally appiicableto Echini and Crustacea. 

5. A new American Silktoorm. — Aftr'.r numerous experiments, Mr. L 
Trouvelot, of Medibrd, Mass., has succeeded in rearing successfully, and in 
great numbers, Attacus Polyphemus Linn., and in preparing from its 
cocoon an excellent quality of silk, possessing great lustre and strength, 
and pronounced superior to Japanese and all other silks, except the best 
Chinese, by competent judges. 

The silk is unwound by a simple process perfected by Mr. Trouveloti 
each cocoon yielding about 1500 yards. This insect is very hardy, being 
found throughout the Northern Stales and Canada; and, as it feeds upon 
the leaves of oak, maple, willow, and other common forest trees, may be 
reared easily in any part of the country. 

Mr. Trouvelot has gradually increased his stock from year to year, by 
raising young from the eggs of the few individuals first captured, until 
he has at present seven wagon-loads of cocoons, the entire progeny of 
which he proposes to raise during the coming season. 

The thanks of the country are due to the ingenious and persevering 
author of this successful attempt to introduce a new and interesting field 
for industry and enterprise, which cannot fail to be a source of profit to 
those who intelligently engage in it, and of increased wealth and prosper- 
ity to the people, should it be developed to the extent that now seems 
possible. 

The first public notice of his experiments with this insect was given by 
Mr. Trouvelot at a meeting of the Institute of Technology, at Boston, 
about a year ago, when he exhibited specimens of silk manufactured 
from it, both natural-colored and dyed. A. b. ▼. , 
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IV. ASTRONOMY AND METEOROLOGY. 

1. Shooting Stars of Nov, 11-14, 1864. — Since the last No. of the 
Journal of Science was issued the Committee on Meteors of the Con- 
necticut Academy of Arts and Sciences have received, by letter from Prof. 
B. Silliman, dated in California, the following observations obtained by 
him, while in that part of the country : — • 

£HrBt ; Observations at Virginia^ in Nevada, made by Mr. Richard H. 
Btrbtch: — Nov, 12th. One observer. Three hours watch, from l^ 15"* 
A.M. to 4*» 15™ A.M. Eighteen shooting stars were observed. Twelve 
were conformable to the well-known radiant in Leo, although four of the 
number exhibit large deviations. But the deviations are about equal, 
on either side of the radiant. Of the number that were not conformable, 
five had their courses directed from an area, 3^° in diameter, in the same 
general quarter of the heavens, but far to the north, — in fact, centered 
about 1® N.W. of ^ in U, Major, Only one — and that of small magni- 
tude—exhibited no tendency from the common radiant. All were yellow, 
except one that exploded with a beautiful green light Nearly all ap- 
peared as brilliant points of light, — and six of the number were as con- 
apicuous as stars of the first magnitude ; also four of the latter were 
remarkable either for scintillations, or explosion, or broad trains attending 
them. ' These four were of the twelve first above mentioned. 

Nov, ISth. — The same observer. His watch was begun at 1*» 45™ a. m. 
In one hour and eight minutes twenty-two falling stars were seen through 
the moonlight Afterward twenty-four more were observed, during a 
time not stated, but ending, not improbably, about 4^ a. m. — as on the 
morning preceding. Excepting No. 22, at 2^ dS"^^ all appeared as points 
of yellow light Mr. Stretch has illustrated the phases of this No. 22, 
by three sketches. It exploded like a rocket, its tail dropped, and grew 
shaggy and broad, it turned from yellow to red, shaping itself, at first, 
like the horn of an ox, and finally like a corona; or, more nearly like a 
blunt crescent occupying three-fourths of a circle, with the left hand 
branch exceeding the other one-half in length, but of much less curva- 
ture. The duration was three-quarters of a minute. 

It 18 remarkable that the entire group was conformable to a common 
radiant ; although eight of the forty-six — and only eight — show a large 
deviation — a part to the east, but more to the west This radiant, how- 
ever, was in A. R. 156° and N. Dec. 24®, — or nearly seven degrees of aro 
eastward by northward of its ordinary situation. This position, and the 
same of the 12th, are derived from the very neat charts which accom- 
pany the observations of Mr. Stretch, and which have every meteor's 
flight traced clearly and numbered upon them. 

Second ; Observations at Shasta^ Nevada, made by Mr. G. K. Gon- 
VRBY. Nov, 14/A. — ^Time, from midnight until 2^ a. m., certainly, and 
probably until later. At midnight Mr. Godfrey had his attention at- 
tracted, '* while riding into Shasta, by the falling of innumerable stars." 
Of these he counted ** some fifty," but the time of counting is not stated. 
Occasionally a star *^shot off to the east with great velocity, leaving a 
brilliant trail behind. There were some which **cast a bright ^intilla- 
▲m. Joub. Sci.— Second Sbbibs, Vol. XXXIX, No. 116.— Mabch, 1865. 
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tion of a violet color," aDOther group " were of a deep crimson, and 
iDuch larger, apparently, than the fixed stars, and described a small arc 
in the sky, and were confined to a small space in the heavens." These 
last expressions agree (color excepted) with the striking appearances, in 
1833, of a limited space around the radiant; but Mr. Godfrey has not 
stated, even in general terms, the position of the *^ small space" which be 
has described. Mi that can be certainly inferred from bis account is the 
simple fact that shooting stars appeared, at Shasta, on the morning of 
Nov. 14th last, in such numbers, and of such brilliancy, as to fix Mr. 
Godfrey's attention upon them for, at least, -two hours without any pre* 
vious notice or expectation of such an occurrence. A. c. t. 

New Haven, Jan. 6. 

2. Meteor and Meteorites of Orgueil. — On the evening of the 14th of 
May, 1864, a very bright fireball was seen in France throughout tie 
whole region from Paris to the Pyrenees. Loud detonations were heard 
in the neighborhood of Montauban, and a large number of stones came 
down near the villages of Orgueil and Nohic. The passage of the meteor 
was witnessed by a large number of intelligent observers since it occurred 
early in the evening. Numerous accounts of its appearance have been 
published in the Comptes Rendus, 

This fall of meteorites is of peculiar interest. Whilst we have over a 
hundred large fireballs and detonating meteors whose paths through the 
atmosphere have been computed, with more or less precision, there are 
only four or ^ve of them from which stones have been known to come. 
Of these four or ^\q only one, the Weston meteor, has been so well ob- 
served that we can speak with confidence of its path. 

The published accounts show that the Orgueil meteor was first seen at 
an altitude greater than 55 miles, that it exploded at an altitude of about 
20 miles, and that it was descending in a line inclined at the least 20^ or 
25" to the horizon. The velocity must have been not less than 15 or 20 
miles per second. This example aflbrds the strongest proof that the 
stone-producing meteors and the detonating meteors are phenomena not 
essentially unlike. h. a, n. 

3. Chemical and mineralogical characters of the meteorite of Orgueil.— 
Daubrek, Clokz, Pisani and DesCloizeaux have communicated to the 
French Academy papers on the physical and chemical characters of the 
Orgueil meteorite. In outward appearance it resembles an earthy lig- 
nite. The dark mass contains minute grains of a bronze yellow sub- 
stance having a metallic lustre and a high density, which permits its easy 
separation from the maiu portion of the meteorite by levigation ; observed 
under the microscope, these particles are seen to be distinct hexagonal 
tables; they are strongly attracted by the magnet and have all the physi- 
cal and chemical properties of magnetic pyrites. A very marked charac- 
teristic of the meteorite is, that when placed in water it falls to powder, 
and a portion of it is in such an extreme state of mechanical division 
that it remains a long time in suspension in the water, and passes through 
the closest filter paper. The density of the meteorite taken in pure ben- 
zine gave Cloez 2-567. An analysis by this chemist shows it to contain 
a considerable amount of magnetic oxyd of iron, besides silicates, proto- 
sulphiJ of iron, traces of nickel and chromium, 5*92 per cent of carbon 
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fprobably of the graphitic form), 9*06 p. c. of water and 6*30 p. c. of 
matter soluble in water, consisting of chlorids of aminonium, sodium and 
potassium, and sulphates of magnesia, soda, etc. It is decomposed by 
chlorhjdric acid with evolution of sulphuretted hydrogen giving a green- 
ish yellow solution and leaving a black residue amounting to 1'Q p. c ; 
this residue when heated with excess of air burns and leaves a gray sub- 
stance amounting to 2*2 p. c. 

Pisani confirms the observations of Cloez as to the peculiar comport- 
ment of this stone when treated with water, and calls attention to its 
porc^ity, and to the fact that this accounts for the facility with which the 
Bulphids have become oxydized to sulphates and hyposulphites, and for 
the avidity which a dried specimen of it has for water. An experiment 
showed that a specimen dried at 110® C. absorbed 1 p. c. of water in a 
few hours when simply exposed to the air. Pisani found 3*85 p. c. of 
matters soluble in water in operating on about 18 grams of the undried 
substance. This contained hyposulphurous acid 0*48, sulphuric acid 1*40, 
chlorine 0*08, magnesia 0*30, lime 0'16, potash 0*60, soda, ammonia, etc., 
and loss 0*77. Alcohol took up 0*37 p. c. which proved to consist chiefly 
-of sulphur. Pisaui's tabulated results give for the composition of the 
"whole meteorite : 



Si 


fig 


fe 


ftn 


Ca 


STa 


t 


SI 


i26-08 


17-00 


6-96 


0-36 


1-85 


2-26 


019 


0-90, 



together with chromic iron 0*49, magnetic iron 12*03, nickeliferous sul- 
j)]iid of iron 16*97, water and supposed organic substances 14*91=100. 
This gives for the oxygen ratio of the oxyds and silica 9*98: 13*90=3 : 4. 
Pisani proved the presence of magnetic iron by dissolving the mineral 
in hot nitric acid which decomposed the silicate and the sulphids, and left 
a black magnetic residue. The nickel was proved to exist as sulphid by 
treating the substance with sulphid of ammonium, which dissolved out 
sulphid of nickel. The stone contains 55*60 p. c. of silicates, and taking 
into account the water determined by Cloez, the oxygen ratio of the sili- 
cate is that of serpentine. If the alumina is due to anorthiteit will give 
2*42 p. c. of this feldspar contained in the meteorite. Subsequent observa- 
tions by Des Cloizeaux, Pisani, Daubr^e and Cloez prove that this re- 
markable meteorite contains minute rhombohedral crystals of a double 
carbonate of magnesia and iron, and Cloez obtained a little more than 
half of one per cent of carbonic acid from a portion of the meteorite 
operated upon. — Comptes RenduSy May 30, July 18, and Nov, 14, 1864. 

o. J. B. 

4. Shooting Stars of Jan, 2d, — On the morning of Jan. 2d, 1866, 
shooting stars were sufficiently numerous to attract the attention, at New 
Haven, of those who were not aware that unusual numbers were looked 
for on that morning. 

5. Discovery of another Asteroid^ Alcmene^ ®. — Another small planet 
"Was discovered by Luther, at Bilk, on the 27ih of November, 1864. It 
has been named Alcmene. Oppolzer of Vienna gives the following ele- 
ments of its orbit, computed from observations of Nov. 27th, Dec. 3.d« 
and Dec. 8th. 
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Epoch Dec. 00, Berlin m. t. t=: 3*^ 8' 14" 

M = 308**40' 1" <^=11 25 41 

»r=136 47 60 " iti=781"-152 

Q= 28 49 28 log a=0'4d818l. 

6. Comet IV, 1864.— On the 11th of December, 1864, Mr. B&kertt 
Nauen, near Berlin, discovered a telescopic conaet 

7. Spectrum of a shooting star. — Herschel has recently observed thi 
spectrum of a shooting star. It appeared near Capella, and was almost 
as brilliant as that star. He followed it for more than a second in iti 
rather slow motion, and ascertained that its spectrum was as continaoai 
a spectrum as that of Capella, and a little more extended, and, therefore, 
that it consisted of a solid or liquid substance and not of a gas or incan- 
descent vapor, as Mr. Huggins has suggested with regard to some nebals, 

V. MISCELLANEOUS INTELLIGENCE AND BIBLIOGRAPHY. 

1. Patent regenerative Gas-furnaces^ of C. W. k F. Sikmbns. — Pro- 
fessor Faraday, in his lecture at the Royal Institution, on the 20th JutM^ 
1862, describes these furnaces in the following terms : — 

'^Tlie gaseous fuel is obtained by the mutual action of coal, air, and 
water at a moderate red heat A brick chamber, perhaps 6 ft bj 12 ft, 
and about 10 ft. high, has one of its end walls converted into a fire* 
grate, u e., about half way down it is a solid plate, and for the rest of tin 
distance consists of strong horizontal plate bars where air enters, the 
whole being at an inclination such as that which the side of a heap of ' 
coals would naturally take. Coals are poured, through openings above^ 
upon this combination of wall and grate, and being fired at the under 
surface, they burn at the place where the air enters ; but as the layer of 
coal is from 2 to 3 feet thick, various operations go on in those parts of 
the fuel which cannot burn for want of air. Thus the upper and cooler 
part of the coal produces a large body of hydrocarbons ; the cinders or 
coke which are not volatilized, approach, in descending, toward the grate; 
that part which is nearest the grate, burns with the entering air into ca^ 
bonic acid, and the heat evolved ignites the mass above it ; the carbonic 
acid, passing slowly through the ignited carbon, becomes converted into 
carbonic oxyd, and mingles in the upper part of the chamber (or gai 
producer) with the former hydro-carbons. The water, which is purposely 
introduced at the bottom of the arrangement, is first vaporized by the 
heat, and then decomposed by the ignited fuel, and te-arranged as hy- 
drogen and carbonic oxyd ; and only the ashes of the coal are removed 
as solid matter from the chamber at the bottom of the fire-bars'. 

These mixed gases form the gaseous fuel. The nitrogen 'which entered 
with the air at the grate is mingled with them, constituting about a third 
-of the whole volume. The gas rises up a large vertical tube for 12 or 
16 feet, after which it proceeds horizontally for any required distance, 
and then descends to the heat-regenerator, through which it passes be- 
fore it enters the furnaces. A regenerator is a chamber packed with fire- 
bricks, separated so as to allow of the free passage of air or gas between 
them. There are four placed under a ftimace. The gas ascends throogh 
'One of these chambers, whilst air ascends through the neighboring 
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chamber, and both are conducted through passage outlets at one end of 
the furnace, where mingling, they burn, producing the heat due to their 
chemical action. Passing onward to the other end of the furnace, they 
(t. 6., the combined gases) find precisely similar outlets down which they 
paas ; and traversing the two remaining regenerators from above down- 
ward, heat them intensely, especially the upper part, and so travel on in 
their cooled state to the shaft or chimney. Now the passages between the 
four regenerators and the gas and air are supplied with valves and deflect- 
ing plates, which are like four way>cocks in their action ; so that by the 
use of a lever these regenerators and air-ways, which were carrying off 
the expended fuel, can in a moment be used for conducting air and gas 
into the furnace ; and those which just before had served to carry air and 
gas into the furnace now take the burnt fuel away to the stack. It is to 
he observed, that the intensely heated flame which leaves the furnace for 
the stack always proceeds downward through the regenerators, so that 
the upper part of them is most intensely ignited, keeping hack, as it 
does, the intense heat : and so effectual are they in this action, that the 
gases which enter the stack to be cast into the air are not usually above 
800^ F. of heat. On the other hand, the entering gas and air always 
pass upward through the regenerators, so that they attain a temperature 
equal to a white heat before they meet in the futnace, and there add to 
the carried heat that due to their mutual chemical action. It is considered 
that when the furnace is in full order, the heat carried forward to be 
evolved by the chemical action of combustion is about 4000®, whilst that 
carried back by the regenerator is about 3000®, making an intensity of 
power which, unless moderated on purpose, would fuse furnace and all , 
exposed to its action. 

Thus the regenerators are alternately heated and cooled by the out- 
going and entering gas and air, and the time for alternation is from half 
an hour to an hour, as observation may indicate. The motive power on 
the gas is of two kinds — a slight excess of pressure within is kept up 
from the gas-producer to the bottom of the regenerator to prevent 
air entering and mingling with the fuel before it is burnt ; but from 
the furnace, downward through the regenerators, the advance of the 
heated medium is governed mainly by the draught in the tall stack, or 
chimney. 

Great facility is afforded in the management of these furnaces. If, 
whilst glass is in the course of manufacture, an intense heat is required, 
an abundant supply of gas and air is given ; when the glass is made, 
and the condition has to be reduced to working temperature, the quan- 
tity of fuel and air is reduced. If the combustion in the furnace is 
required to be gradual from end to end, the inlets of air and gas are 
placed more or less apart the one from the other. The gas is lighter 
Uian the air ; and if a rapid evolution of heat is required, as in a short 
puddling furnace, the mouth of the gas inlet is placed below that of the 
air inlet; if the reverse is required, as in the long tube-welding furnace, 
the contrary arrangement is used. Sometimes, as in the enameller's 
furnace, which is a long muffle, it is requisite that the heat be greater at 
the door end of the muffle and furnace, because the goods, being put in 
and taken out at the same end, those which enter last, and are withdrawn 
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j&rst, remain, of course, for a shorter time in the heat at that end; and 
though the fuel and air enters first at one end and then at the other, 
alternately, still the necessary diti'erence of temperature is preserved bj 
the aiijuslment of the apertures at those ends. 

Not merely can the supply of gas and air to the furnace be governed 
by valves in the passages, but the very manufacture of the gas-fuel itself 
can be diminished or even stopped, by cutting off the supply of air to 
the grate of the gas-producer ; and this is important, inasmuch as there 
is no gasometer to receive and preserve the aeriform fuel, for it proceeds 
at once to the furnaces. 

Some of the furnaces have their contents open to the fuel and combiu* 
tion, as in the puddling and metal-melting arrangements; other are en- 
closed, as in the muffle furnaces and flint-glass furnaces. 

The economy in the fuel is esteemed practically as one-half, even when 
the same kind of coal is used either directly for the furnace or for the 
gas-producer ; but, as in the latter case, the most vfrorthless kind can be 
employed — such as slack, <&c., which can be converted into a clean gas- 
eous fuel at a distance from the place of the furnace, so, many advantages . 
seem to present themselves in this part of the arrangement." 

Faraday concludes his lecture mlh the following conclusive figures:— 

" Carbon, burnt perfectly into carbonic acid in a gas-producer, would 
evolve about 4000^ of heat ; but, if burnt into carbonic oxyd, it would 
only evolve 1200**. The carbonic oxyd, in its fuel form, carries on with 
it the 2800° in chemical force, which it evolves when burning in the 
real furnace with a sufficient supply of»air. The remaining 1200** are 
employed in the gas-producer in distilling hydro-carbons, decomposing 
water, &c. The whole mixed gaseous fuel can evolve about 4000° in the 
furnace, to which the regenerator can return about 3000° more." 

2. National Academy of Sciences, — The fourth session of the National 
Academy of Sciences was held at the Capitol in Washington on the 3d, 
4tb, 5th, and 6th of January of the present year. The three vacancies 
in the Academy were filled by the election of Prof. O. N. Rood and Gen. 
M. C. Meigs to the Class of Mathematics and Physics, and Prof. J. P. 
Eirtland to the Class of Natural History. The following papers were 
read : 

1. On a chronograph for measuring the velocities of projectiles ; by J. 

K HiLOARD. * 

2. Homologies and classification of the Cephalopods; L. Agassiz. 

3. Geographical distribution of North American Birds; S. F. Baird. 

4. On the tables of the Moon ; Benj. Peirce. 

5. Metamorphoses of some Malacopterygians ; L. Agassiz. 

6. On chemical classification ; W. Gibbs. 

7. Progress of the Geological survey of California ; J. D. WHrraKT. 

8. On a method of exhibiting certain statistics of hospitals; J. L 
Leconte. 

9. Note on the changes which have taken place in the bar of Charles- 
ton harbor since the sinking of obstructions in the main channel, as de- 
veloped by the U. S. Coast Survey ; J. E. Hilgard. 

10. GlaciaLphenomena and present configuration of the State of Maine; 
L. Agassiz. 
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11. Dimensions and proportions of American soldiers; "B^^. Gould. 

12. On a regulator for maintaining uniform motion, and an apparatus 
for recording time-observations in type; J. E. Hilgard, 

13. Mineral lands of the United States, and the relation of the govern- 
ment to their management; J. D. Whitney. 

14. Origin and formation of sedimentary rocks; J. S. Newberrt. 
16. Origin and distribution of petroleum in the U. S. ; J. S. Newberry. 
Alex. Braun, G. B. Airy, Astronomer Royal of England, R. Owen, 

Prof. F. Wohler, Sir R. I. Murchison, and M. V. Regnault, were elected 
Foreign associates. The next session of the Academy will be held at 
Northampton, Mass., on Wednesday the 23d of August, 1865. 

3. Lawrence Scientific School^ at Cambridge^ Mass, — The Lawrence 
Scientific School has received, as a New Year's gift, (Jan. 1, 1866) fifty- 
two thousand five hundred dollars, twenty-five hundred to be expended 
at once for the equipment of the laboratory, and the balance to endow 
equally the Chemical and Engineering departments. 

Obituary.— 4. Capt. James M. Gilliss, U. S. N. — Captain Gilliss, the 
Superintendent of the Washington Observatory, died suddenly, at Wash- 
ington, of apoplexy, on Thursday, the 9th of February. The Naval Ob- 
servatory, under his charge at the time of his death, was constructed 
from his plans, and equipped with its original instru nents by him, during 
the years 1843, 1844, Congress having authorized its establishment by 
an Act passed in 1842; but only since 1861, when Maury, faithless to 
his country, left his post of duty, has it been under his abler direction. 
It would have been better for the scientific reputation of the country had 
it continued in his hands. An earlier Observatory at Washington, fitted 
up mainly by him, had been the scene of his labors from 1838 to 1842, 
and in the volume containing the results — the first volume of American 
Astronomical Obsetvations — Mr. Gil lis expresses in his Preface, his pleas- 
ore that '^ the prosecution of these observations should have resulted in 
the foundation of a permanent Naval Observatory." 

During the three years, 1849 to 1851, Capt. Gilliss was in Chili, in 
charge of the U. S. Expedition for determining the Solar Parallax, and 
if bis observations failed of all that was expected of them, it was from 
the want of that cooperation in the northern hemisphere which was reas- 
onably looked for by him. The National Intelligencer, (Washington) of 
the day before his death, (Feb. 8,) contains his last astronomical commu- 
nicTitioQ — one relating to the Planet Mars — dated Feb. 7. 

Capt. Gilliss was an observer of great skill and accuracy, a man of 
noble personal character, and a patriot in the highest sense of the word. 
Three of his sons have been in the recent armies of his country, and the 
eldest — a Captain — reached home from the Libby prison, after four 
months imprisonment, only the day before his father died. 

6. George P. Bond. — It is seldom that astronomical science has re- 
ceived a more severe blow than that occasioned by the death of George 
Philips Bond, of Harvard College, Philips Professor of Astronomy, and 
Director of the observatory connected with that institution. After a 
lingering illness of more than a year, during which his ardor in the study 
of the heavens led him oftentimes to exposures entirely incompatible 
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with the 8t»te of his health, he closed a useful and an unblemished life 
on the lYth of February, — eight days after his compeer, Captain Gillisi. 

As an accurate and truthful observer of astronomical phenomena, he 
was, without question, unequalled by any one in this country, and 
among the first in the world. In his short career he contributed many 
valuable papers of original discoveries and calculations to various period- 
icals and institutions in this and other countries. His greatest work, 
and that which gave him honor the world over, is his account of the 
Donati comet which constitutes the third volume of the Annals of the 
Observatory. To this, the palm of unrivalled excellence has been freely 
awarded by the best astronomical observers of Europe.* Well trained 
by his lamented and distinguished father, and taking advantage of the 
best telescope mounted in so high a southern latitude, he explored with 
searching scrutiny the great nebula of Orion, a work which he pursued 
with untiring zeal and anxiety in his latter days ; and while we fear hie 
waning strength may have left it incomplete in form, we are assured, 
and rejoice in the assurance, that abundant ability^ remains in the obsenr- 
atory to prepare it for publication. 

We might dwell much longer on his astronomical history, but the 
necessary brevity of this notice requires that we should turn to his pri- 
vate life. It is rare indeed, that so many virtues are blended in any 
man. His innocent unpretending manners, the perfect absence of every 
air of vanity or pretension, crowned with an unwavering christian iaith 
apd deep sense of religious obligation, secured for him, not the mere 
respect, but the kindest regard of all that had the happiness of his 
acquaintance. . w. K, 

6. Dr. Hugh Falconer. — Dr. Falconer, Vice-President of the Royal 
Society, died at London, on the 31st of January. 

7. The Differential Calculus; by John Sparb, M«D. Boston, 186& 
Bradley, Dayton <& Co. 8vo. pp. xx, and 244. — The plan of this treatisi 
is different from that of most works upon the same subject. The aim 
seems to have been to treat the calculus as peculiarly the continuation of 
Algebra. Hence most of the applications are to problems which resemhle 
as much as possible the ordinary problems of Algebra. The author'i 
style is somewhat involved, and his logic not entirely free from crHicism. 

H* A. fl« 

8. History of Delaware Country Pennsylvania^ from the Discovery of 
the Territory included within its limits to the present time^ toith a nolies 
of the Geology of the County^ and Catalogues of its Minerals^ FlanU^ 
Quadrupeds and Birds; written under the direction and appointment of 
the Delaware Co. Institute of Science, by George Smith, M.D. 582 p|H 
8vo. — This history is the work of great care and research. The chapter 
on the Geology of Delaware County is illustrated by a colored map 
showing the distribution of its rocks, and it closes with a catalogue of 
mineral localities. The work is illustrated by several plates, wood-cati 
and maps. 

' We are informed that, a month since, Mr. Bond received word from Presideiit 
De La Rae, of the Royal Astronomical Society, that the Society, at its last amnil 
meeting, in January, had voted him a gold medal for hie work on this comet 
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XXVII. —On Molecular Physics ; by Prof. W. A. NoBTON. 

[ContiDued from toI. zxzviii, page 223^] 

a former part of this paper a succinct exposition has been 
I of a consistent general theory of Molecular Forces, and 
lolecular Constitution of bodies, and special theories of the 
ent states of aggregation of matter, and the processes of 
Formation from one state to another, as well as of the essen- 
ature and modes of excitation and propagation of the two 
jies of light and heat.* The conclusions arrived at were all 
3ed from two fundamental principles, viz : 

a pnp^r on hent-vibrations, by Mr. James Croll, published in the Philosophi- 
gnzino, May, 1864, it is maintained that the heat-vibration does not consist 
)tion of an ags:regate mass of molecules, but in n motion of the individual 
Itfs ; also that it does not consist in excursions of the molecule or atom across 
of equilibrium, but in alternate expansions and contractions of the atom it- 
it 'will be seen that these ideas are in accordance with the conception of the 
ution of a molecule adopted at the beginning of tho present memoir (p. 62), 
th tho theory of heat-vibrations, or heat-pulses, deduced therefrom (p. 64). 
ithor remarks that his conclusion tliat *' the ultimate atom itself is essentially 
18 opposed to the ordinary idea, that the atom is essentially solid and im- 
ible, and favors the modern idaa that matter consists of a force of resistnnce 
from a center." But in tho present communication the ground is taken that 
e elastic ethereal atmosphere condensed upon the atom that invests it with 
oply of power. Thus armed it becomes an efficient molecule — when associated 
kindred molecule an epitome, in fact, of the universe. In the contractions 
pansions that result from the action of the central atom upon its atniosphi re 
e discerned the origin not only of heat- vibrations, but of all the molecular 
and in the varied possible movements and changes of molecular atnios- 
, dependent upon their elasticity and mutual action, are to be found the et- 
causes of physical phenomena. 

Jour. Sci.— Second Series, Vol. XXXIX, No. 117.— Mat, 1866. 
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(1.) That matter exists in the three diflferent forms of ordinary 
or gross matter^ an electric eiher^ and a more subtile universal ether ; 
and that each of these is made up of spherical atoms. 

(2.) That there are two primary forces : attraction^ and rt- 
pulsion. 

The primary force of attraction is exerted between the atoms 
of ordinary matter and the two ethers, and between the atoms 
of the electric ether and those of the universal ether ; while a 
mutual repulsion subsists between the constituent atoms of the 
two ethers. 

From these two postulates the conclusion was derived that 
each atom of ordinary matter must be surrounded by two atmos- 
pheres, one consisting of electric ether, and another of the uni* 
versal ether, pervading the former; and that the atoms of the 
electric ether must also be surrounded by atmospheres of the 
more subtile universal ether which pervaaes the space between 
them. Such being the condition of things, it was assumed that 
the attraction of the central atom of matter for the atoms of 
electric ether exterior to it was propagated by the intervening 
universal ether, and that the same was true of the mutual re- 
pulsion exerted between the individual atoms of the electric 
ether. 

The primary force of heat, as one of the molecular forces, was 
deduced from these principles, and found to have its origin in 
the force of molecular attraction. 

We propose now to show that the characteristic phenomena 
of electricity, comprised under the several heads of frictional 
electricity^ voltaic-electriciti/, thermo-electricity^ magnetism^ electro-mag' 
netism^ magneto-electricity ^ induced currents^ and dia-magnetismj may 
be derived as mechanical deductions from the same fundamental 
conceptions. 

We have thus far had no occasion to introduce arbitrary hy- 
potheses, but have in fact discarded those hitherto in vogue, as 
that of the permanent polarity of atoms, and various hypotheses 
as to the mode by which such polarity is constituted and main- 
tained. It will be seen that in the wide field we are now enter- 
ing, the same fundamental ideas will suffice, and that the same 
two forces, attraction and repulsion, operating on the same three 
forms of matter, are alone concerned in evolving the phenomena. 
In every different province that we enter we but recognize new 
results, achieved by the same agencies, working by the same 
essential processes. As transcendently wonderful as is the infi- 
nite variety of Nature, no less so is the all-comprehensive unity 
of its origin, and the grand simplicity of its evolution. From 
the point of view now taken, this truth, which has long been 
discerned with more or less distinctness, stands forth in its fall 
proportions. In the discussion of specific properties of different 
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substances, we have admitted, and shall continue to admit, only 
diflFerences in degree, not in kind ; and differences too, that fall 
within the scope of the generiil theory. No higher requirement 
than this can reasonably be exacted of any fundamental con- 
ception.* 

JElectricity. 

Preparatory to the discussion of this topic it is important to 
inquire more minutely than has hitherto been done into the 
electric condition of molecules, both simple and compound. 
Each simple atom, as we have seen, is surrounded by an electric 
atmosphere ; but has this atmosphere a definite limit? and if so 
what is the condition of the electric ether exterior to it, and in 
the interstices between molecules? The equilibrium of such an 
atmosphere is determined by the operation of two antagonistic 
fsrces, the attraction of the central atom for each atomette of the 
atmosphere, and the repulsion experienced by such, atomettes 
firom all the others of which the atmosphere is composed. If 
we regard these forces as in no degree intercepted in their prop- 
agation, ihe atmosphere will extend with decreasing density to 
that height at which the attraction exerted by the central atom 
upon an atomette is just neutralized by the repulsion exerted 
upon the same by the entire atmosphere. The centers of repul- 
sion and attraction will also be coincident, -and the law of varia- 
tion of the two forces will be the same ; hence beyond the lim- 
its of the atmosphere there will be no effective action exerted 
by the molecule upon any electric ether that may be posited 
there. But the notion that there is no interception of force 
does not accord with the fundamental idea of the propagation 
of force by the universal ether (p. 288). It is impossible that a 
propagated force of repulsion should take effect upon an atom- 
ette of electric ether, unless the universal ether, which is the 
medium of propagation, be in. some degree condensed upon the 
surface upon which the wave-force falls. Such condensation must 
give rise to a reflex wave, and the dispersion of a certain amount 
cf force into the surrounding ether. Upon the principle of the 
conservation of force the amount of force thus dispersed must 
be abstracted from the original wave-force. Now if the atomettes 
of the electric atmosphere intercept a certain portion of the re- 
pulsion propagated from other atomettes, it follows that the 
center of repulsion of the whole atmosphere cannot be coinci- 
dent with the center of attraction, or center of the atom of mat- 

* The author may seem to have adopted , in the scheme of molecular forces pre* 
•ented on pp. 68, 64, an arbitrary hypothesis, in assuming the existence of a force 
of molecular repulsion between the surfaces of contij^ous electric atmospheres ; as 
the grounds upon which the theoretical inference was drawn were not stated in the 
course of the discussion. Tliere will soon be occasion to offer these in another con- 
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ter. It would seem also that the repulsive pulses propagated 
from the atomettes should be more or less intercepted by the 
central atom of the molecule, which should tend to displace the 
center of repulsion still more. For each side of the molecule 
this center must lie somewhere between the center of the atom 
and the surface of the atmosphere, as at r, fig. 4. In this state 
of things the atmowsphere will have a definite limit, 
as before: but beyond its limits, since its repulsion 
must decrease more rapidly than the attraction, an 
effective force of attraction will be exerted by the 
entire molecule. As a consequence, the external 
electric ether will be retained in contact with the 
atmosphere, and press upon its surface with a cer- 
tain force. Its density will decrease outward and doubtless be- 
come insensible at sensible distances. If then we confine our 
attention to a single molecule, we perceive that it must consist 
of an atom of ordinary matter surrounded with two envelopes 
of electric ether ; of wnich the outer presses upon the inner, and 
extends indefinitely^ but becomes evanescent at a distance ace^ 
tain number of times greater than the diameter of the inner en- 
velope.* Hitherto in speaking of the electric atmosphere of a 
molecule, we have alluded only to the inner and principal en- 
velope, and have regarded the diameter of a molecule the same 
as the diameter of this envelope; and we shall use these terms 
in the same sense hereafter, unless the exception is distinctly 
specified. 

The outer electric envelopes of molecules serve to establish 
an electric communication between them, and play an important 
part in all electric phenomena. By their pressure upon the inner 
envelopes, or the atmospheres so-called, of the molecules, they de- 
velop a force of electric repulsion exerted outward at the sur- 
face of each atmosphere. This is the force already recognized 
as one of the molecular forces (p. 64). It has its immediate 
origin in the compression of the atmosphere at or near its sur- 
face, by the outer envelope, which increases the repulsive action 
of the upper portion of the atmosphere, aad so brings into ope- 
jration an eOective repulsion at this surface, where otherwise the 
efiective force would be zero. It is to be borne in mind "tiiat 
the attraction of the central atom is dynamical in its effects, and 
that attendant upon its exertion the outer envelopes will have 
an inward and outward movement; but sucdi alternate move- 
ments will, when propagated outward, neutralize each others' 
effects, unless a secondary force is developed in the process. 
Now it is precisely such a force that is developed in the manner 
just explained, and this must be propagated by the electric ether 

^ Jt.is. possible that in someocases tUe outer atmospheric envelope may bemide 
up of several spHerical layers, separated by surfaces of no effective molecoltf 
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of the outer envelope, or the interstitial electric ether of bodies, 
as a wave-force.* 

We have seen that the attraction exerted by the atom upon 
its atmosphere, proper, by forcing outward a portion of the uni- 
versal ether near the surface of the atom, develops at the same 
time an effective molecular attractive force and what we have 
called the force of heat-repulsion. From the difference that ob- 
tains in the circumstances under which these forces and the above 
mentioned force of electric repulsion originate, it is highly prob- 
able that their constants (?i and m, p. 68,) would be different. 

To pass now to the case of a compound molecule : let a and 6 
(fig. 5) be two similar molecules, held in equilib- 
rium by their mutual actions, and let us enquire 
into the condition of the electric ether on the 
line crossing perpendicularly the line of their 
centers, at its middle point, m. At m the attrac- 
tions of the two molecules for an atom of electric 
ether there will neutralize each other, but at all 
other points of this line, the resultant of the 
attractions will have a finite value and be directed inward to- 
ward the line of the centers. This resultant will increase in 
value as the distance from the line of the centers increases, 
to a certain point, n, beyond which it will decrease. The sum 
of all these resultants will act as a compressing force upon the 
electric ether about m, and determine its density at that point. 
At other points, as e, r, 5, variously situated in the vicinity of 
the molecules, the joint attraction of the two will generally ex- 
ceed the attraction of either molecule alone. If follows, there- 
fore, that the two united molecules will be surrounded by an 
electric atmosphere of their own, spherical or spheroidal in form, 
and at the same time that the two individual atmospheres will 
be materially modified. This atmosphere will have an outer 
envelope, as in the case of a simple molecule. 

If we suppose several molecules thus united, the entire group 
will have its own proper atmosphere. The extent of this atmos- 
phere will depend upon the normal attraction at the surface of 
the group ; and this will also determine the density of the elec- 
tric ether in the interstices between the molecules.* 

* The pulses of heat that arc received from extraneous sources, and pass from 
molecule to molecule, augment litis force of atmospheric repulsion. Accordingly, 
the value of the ** constant," m, of this force (p. 67,) depends not only upon the at- 
tractive force, size, and perhaps other peculiarities of the central atom, but also 
upon the amount of heat received from all extraneous sources. External forces, of 
compression or extension, applied to a body, also tend to augment or diminish 
the value of m, 

* In treating briefly of solidification (p. 209, dec.), our attention was confined 
chiefly to the union of simple molecules in one homogeneous mass, but there is good 
reason to believe that in most cases of solidification, with the exception* perhaps, of 
thAt of perfect crystallization, compound molecules are first formed, and that tliese 
combine, in various modes, to form the solid. la every «ucU vvi%taAce \3qa ^xtcA&Msci^ 
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Let us next inquire into the true nature of the eleclric polaHr 
zation of molecules. 

A molecule becomes polarized whenever, from any cause, a 
portion of its electric atmosphere is urged around from one side 
to the opposite side; where there is an excess, the polarity 
being positive^ and where there is a deficiency, negative. But it 
is especially important to observe that the act of polarization is 
distinct from the result. The one is dynamical, the other stat- 
ical. The act of polarization, too, does not consist simply in a 
flow of a certain amount of electric ether from the one fiide to 
the other of the atom ; in addition to this, a certain quantity of 
the ether is detached, or expelled from the atmosphere on the 
positive side, and a corresponding amount absorbed into it on the 
negative side. Accordingh^ when a molecule is being polarized^ or 
when its polarization is increasing^ there is a flow of electric etiier 
toward its negative side, and away from its positive side. On the 
oOier handy when a polarization once acquired is falling off, there is 
a flow, or an electric current, in the opposite direction. To make this 
more evident, let S (fig. 6) be a 
surface receiving a charge of pos- ®* 

itive electricity, and a, 6, c, &c., a 
series of particles of a dielectric 1^ 
medium. The repulsion of the 
positive charge on S will polarize 
the nearer side of a negatively, 
and the farther side positively ; but the same force will urge the 
interstitial ether toward a, and the augmented attraction of the 
negative side of a will add a certain portion of it to the atmos- 
phere of a. At the same time, the excess of electric ether ac- 
cumulated on the farther side of a will act repulsively upon the 
upper portion of its atmosphere and expel a certain portion of 
it. It will also urge toward b the interstitial electric ether be- 
tween a and i, and polarize 6, just as S has polarized a. The 
<5hain of particles will therefore become polarized in succession; 
And at the same time there will be an electric movement, a dis. 

«f Ruch groups of molecules should be attended with the evolution of heat. This 
will be the inevitable result of tlie compression of the electric ether between the 
.combining molecules (fig. 5) ; whether the individual atmospheres be compressed 
.or not. 

The heat of combustion and of chemical union generally, has, in all probability, 
ft similar origin ; that is in a compression of the electric ether between the mole- 
cules, or in such a compression combined with a contraction of the individual atmos- 
pheres. This topic, and the probable cause of the different effects observed in dif- 
ferent instances of combination, will be briefly considered under the head of cbeiul- 
cal union. 

The varied forms of crystallization assumed by different substances, under simiUr 
circumstances, are probably due, in a great degree, to the diversity that obtains in 
the number and grouping of the individual molecules of which the ultimate com* 
pound molecules consist. 
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charge from one to another. To take a more complete view of 
the matter, the molecular polarization resulting from the elec- 
tricity received by, any single point, S, will not be confined to 
the normal line a, b, c, but will extend, though with diminished 
intensity,, along lines radiating outward from S. A similar re- 
mark may be made of the flow of electricity that accompanies 
the polarization. 

It we take account of the entire spherical surface, S, and sup- 
pose it to be surrounded by a dielectric medium, as the air, ex- 
tending to an indefinite distance, each new addition to its positive 
charge will develop a wave of increasing molecular polarization, 
which will be propagated in all directions outward through the 
surrounding medium. This wave, if it may be so termed, will be 
accompanied by a spherical electric ** wave of translation " that 
will spread indefinitely through the same medium. This latter 
wave will consist of a series of discharges from one spherical 
layer of particles to the next ; while the former will consist of 
propagated movements confined to the atmospheres of the parti- 
cles; — these movements being produced by the repulsive action 
of the electric ether accumulating on the farther sides of the par- 
ticles, transmitted primarily through the universal ether. The 
quantity of electricity that moves forward from one layer of par- 
ticles to the next, should be equal to the quantity received by 
the surface, for the determining cause of the electric wave of 
translation lies in the fact that the force of tension of the propa- 
gated electricity urges this quantity between the surface and the 
first layer of the medium. 

The tension of the electricity received results 'from the com- 
pression produced by the expansive action of the charge, which 
is ultimately in equilibrium with the force by which the dis- 
turbed atmospheres of the medium tend to return to their orig- 
inal condition. The tendency of the free electricity to escape 
between and around the polarized molecules of the medium is 
counteracted, as will soon be seen, by a resistance developed by 
the polarization. 

This we conceive to be the true process of indttction. It will 
be readily perceived that it is in entire conformity with the ex- 

Eerimental results obtained by Faraday, and in accordance with 
is theoretical ideas of the general nature of the process. 
We have supposed the electrised surface to be surrounded by 
a single dielectric medium, extending indefinitely; but the re- 
sult would be essentially the same if the waves were propagated 
through several such media, as air, glass, &c. If we suppose the 
first medium to be replaced by another, while the entire quan- 
tity of electricity propagated by it, as the polarization of the 
medium goes on, should remain the same, as Faraday has shown 
that it actually does, it does not follow that the final degree of 
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polarization received will be the same as before. In thisrespeet 
substances may differ, or they may have different " specific in- 
ductive capacities," as maintained by Faraday* It is, in fact, just 
this difference of property that constitutes the difference between 
conduction and non-conduction, or between the different degrees 
of conduction or of non-conduction. 

So long as the charge of electricity on the surface S, fig. 6, 
remains the same, the degree of polarization of the surrounding 
medium, or media, will continue the same ; but if the charge be 
drawn off, waves of decreasing polarization will be propagated 
outward from S, which will be accompanied by electric waves of 
translation flowing inward toward S. The entire process that 
went on within the medium while the body was receiving its 
charge, will now be exactly reversed. 

If we suppose a body to receive a charge of negative electric- 
ity, the process will also be reversed ; as when a charge of posi- 
tive electricity is withdrawn. The final result will be that the 
particles of the surrounding dielectric medium will be positively 
polarized on the side toward the electrised surface, and there 
will be a deficiency of eliectric ether between the surface and the 
first layer of the particles of the medium. 

Conduction. — We have seen that the act of polarization com- 
prises two different processes : a movement of a certain portion 
of the ether of the atmosphere of a molecule from one side to 
another, and cotemporaneously with this a discharge of ether 
from the one side, and an absorption of a corresjX)nding quanti- 
ty upon the other side. Now the electric constitution of two 
different bodies may be such that, with the one the same amount 
of electric movement, from particle to particle, may be accom- 
panied by a feeble degree of polarization, and with the other by 
a much greater degree. The polarization is a change determinea 
originally by the forces propagated by the universal ether, while 
the outward flow of the electricity is partly the result of the mu- 
tual repulsion between contiguous atoms of the electric ether. 

Let us suppose two extreme cases, compatible with our gene- 
ral theory. (1.) Let there be an indefinite line of molecules; 
such that the density of the ether between them is the same as 
at the surface of the molecular atmospheres, and suppose a 
quantity of free electricity to arrive at one end of this line. It 
is plain that the repulsive energy of this electricity will urge 
before it a certain quantity of electricity throughout the whole 
length of the line, and that if the flow be unchecked it can exert 
little or no disturbing action upon the molecular atmospheres 
except very near their surface, and cannot polarize them. To do 
this the moving electricity must have a certain decided tension; 
that is, be present in a certain sufficient quantity at each point 
of the line. This would be the case of perfect, or nearly perfect 
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eonduction, and there would be little or no polarization of the 
molecules. (2.) Let us suppose that the density of the electric 
«ther is very feeble between the molecules, there being now no 
continuous mass of ether to give way before the electricity re- 
ceived at the end, the latter will, as a Urst effect, exert its repul- 
sive action through the universal ether upon the atmospheres of 
the nearer molecules and polarize them, and this will eztend 
through the line, and the polarization will determine the dis- 
charge in the manner already explained. This would be the 
case of a non-conduoting dielectric medium. In all actual in- 
stances of good conduction the case lies between these two ex- 
tremes. The greater part of the electric movement is confined 
to the outer envelope of the atmosphere, and the outer portion 
of the inner envelope ; and the polarization resulting from the 
disturbance of the lower envelope, or the atmosphere proper, is 
alight. With non-conductors, or poor conductors, the flow near 
the surface of the lower envelope, around the molecule, resulting 
from the direct repulsive action (or elastic tension) of the electric 
ether, is comparatively slight; and the polarization of the lower 
envelope, with the attendant discharge on the farther side and 
absorption on the nearer side, is much greater." 

To obtain a more distinct idea of the entire process of imper- 
fect conduction, we must take account of a 
certain resistance which a polarized molecule 
oSera to the flow of ether around it from the 
negative to the positive side,' Let o, fig, 7, 
be a polarized molecule. The center of re 
pulsion of its electric atmosphere will fall at . 
some point, o, on the plus side of the center 
If we enquire into the effective action of the 
molecule upon a mass of electric ether pos 
ited at s, midway between p and n, if the 
atmosphere were not disturbed the center of 

' In the comparison made on p, 11%, between Iha propngatioD of hent and the 
propagatJoD of electricitj, it in intimated thit l^acll a promottiJ by a polarization of 
the molecules. This is true only in a limited aenae. The circuoiitancea most famr- 
mble in general to a coTiduction of either electricity or heat, are a unifurmly dense 
condition of the ioterstitia! electric ether, which may serve ai a medium for the 
direct propagstian of the waves, or pulaea, and auch a condition of the electric at- 
nuMpberei of the moleculea that the resiitaoce developed by any polarization ihat 
may ensae, shall be comparatively feeble, (See p. Hi). Wbea, however, the direct 
eonductire action, by the inlerreation of the idteratitial electric ether, ii f«eble, ■ 
greater facility of polariEation on the part of the individual moleculea voald pro- 
mote the diacliar(r9 from molecule to molecule. 

' The terms n^ative and positire, as here uaed. have reference to the polariia- 
tioD aimplj, which ia a chaiige in tbo diatribution of the electric ether in the lower 
portion of the atmosphere. It will be seen In the sequel (hat in the upper porUons 
through which the free electricity morea, when a conductive diwharge occnni, there 
will be an excess of elwtric ether, or a podtive atate, on the side of the molecule 
which ia negatively pohuiied, and a defidency or a negative itate m tbe oppoiita aid*. 
An. JODR. SoL-^EfOHD 3sRiE*, VOL. ZXXIX, Na ur-Mi.r, 1806. 
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effective repulsion would fall at r ; in its supposed polarized con- 
dition, therefore, it will lie at some*point m intermediate between 
r and o. The two forces exerted upon s would therefore act in 
the direction shown in the figure, and their resultant would act 
from s toward t. It will be readily seen that at all points be- 
tween p and n, the resultant will have a tangential component 
directed toward n, and a normal component acting outward on 
the positive side, and inward on the negative side of the mole* 
cule. The density of the electric ether at n should therefore be 
greater than atjo; and while by its elastic tension it is urged 
around toward p it is resisted by the tangential force just spoken 
of. And so if the electric ether above n is urged by the repul- 
sion of free electricity on that side of the molecule around to- 
ward p, it has to overcome this resistance. It is to be observed 
that the attractive or compressing action about n, is but the 
result of the repulsive energy of the free electricity which has 
determined the polarization. 

The outer circle in the figure represents the surface of the 
undisturbed atmosphere (inner envelope). When the molecule 
becomes polarized the surface of its atmosphere takes, or tends 
to take, the spheroidal form, with the center of figure lying on 
the side negatively polarized. At points near this surface, about 
midway between p and n, and inaefinitely beyond the surface, 
there will be a resultant force, as shown in the figure, tending to 
check the flow of free electricity around or past the molecule, in 
the direction of n toward p. 

It does not follow because the lines of direction of the at- 
traction and repulsion meet at s under a small angle that the re- 
sultant s t may not be equal to, or greater than the force of ten- 
sion of the free electricity that may reach the molecule, since the 
absolute intensities of these forces must be very great. Besides, 
whatever may be the intensity of this resultant, it must be of a 
corresponding order of magnitude with the tension of free elec- 
tricity, since it is precisely the resistance exerted by the polar- 
ized molecules of air contiguous to an electrised surface, that 
determines the tension of the statical electricity collected upon it 

When a discharge takes place through an imperfect conductor, 
as rarefied air, the contiguous particles of air are first polarized 
by the repulsion of the electrised surface, propagated by the uni- 
versal ether. This determines the escaping electricity to fall 
upon their nearer negative sides; the molecular resistance con- 
sidered above then comes into play, and if the elastic tension of 
the electricity is sufficient to overcome this resistance, a conduct- 
ing discharge takes place ; otherwise the electric movement can 
only be after the manner explained on p. 243, that is, as in the 
process of induction. According to these views, the greater 
resistance ofiered by dense than rarefied air, is to be explained 
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by the smaller number of resisting particles encountered, together 
with the diminished resistance of each particle. For it will be 
evident, on refering to fig. 7, that if the molecular atmosphere 
expands, as it will if the air be rarefied, the resistance at s will 
be diminished. Thus air rarefied to a certain degree should be- 
come a conductor of electricity. For a similar reason the sur- 
fiaoes of solid, or liquid bodies, should conduct electricity better 
than the internal portions, since the molecular atmospheres are 
more expanded there.' It will also be observed, in view of the 
results obtained, that imperfect conduction and non conduction 
depend upon certain effects resulting from the polarization of 
molecules, and that non-conductors may become imperfect con- 
ductors if the tension of the charge presented to them be suf- 
ficient. But it should not be overlooked that the amount of 
polarization induced, and therefore of the resistance resulting 
irom it, must depend upon the condition of the interstitial elec- 
tric ether (p. 248), and the distance between the molecules ; since 
the interval of time in which the repulsive impulses propagated 
by the universal ether, may come into action before the electric 
ether impelled from the one molecule to the next shall begin to 
take decided effect, must depend upon these two particulars. The 
quality of conduction, or non-conduction of a substance, should 
therefore depend to a certain degree upon the mode of aggrega- 
tion of the particles ; more especially as different groups of par- 
ticles, or compound molecules (p. 241), may offer different de- 
grees of resistance. 

If an insulated metallic ball, (X, be placed in good conducting 
communication with the ground and afterward with the charged 
prime conductor of an electrical machine, the electricity will flow 
freely along the route thus opened, and the tension of the ether 
passing over a being very feeble there will be no perceptible 
outward movement from a through the surrounding air, and no 
sensible polarization of the particles of air; but this will no 
longer be the case if the charge be too large to be conducted off 
with facility. The effect of connecting the prime conductor with 
the ground when the machine is worked is to allow a free escape 
to the ether, which would otherwise pass toward the first layer 
of air particles, and displace an equal quantity from each layer 
in -succession and transfer it to the next. 

Electric Spark, — If we suppose the insulated metallic ball, a, 
still connected with the prime conductor, to be placed near an- 
other ball, 6, which is in communication with the ground, on 
working the machine the ball «, in receiving its charge, will 
give rise to electric waves proceeding outward from it (p. 248), 
and at the same time polarize the particles of the surrounding; 

' Surfaces of non-conductors resist the flow of free electricity after the sam^ 
oanner as the internal mass, that is, by their molecules becoming poIarU«4* 
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air. As a consequence, a certain portion of the electric fluid on 
the nearer side of 6, will be urged away and pass into the ground. 
This side will thus be electrised negatively by induction, and 
react upon the air particles between the two balls, increasing 
their polarization, and upon the nearer parts of «, drawing more 
electricity to them. All these changes will be attended with in- 
creasing wave movements, and increasing discharges from one 
particle of air to another along the line between the nearest 
points of the balls. The electric ether in transitu between the air 
particles on this line, may thus come to have sufficient density to 
establish a certain degree of conducting communication betwe^ 
the two bodies, and so to convey a sudden conductive discharge 
along this line. This result will be partially due to the lateral ex- 
pansion, which the free electricity received by the air particles on 
the line will occasion in their electric atmospheres. There will 
be two causes in operation to produce this effect, the pressure of 
the stream of ether passing from one particle to the next, against 
the atmpsphere upon which it falls, and the mutual repulsion of 
the particles that will thus become momentarily overcharged. 
We have seen (p. 247) that such lateral expansion would give 
rise to a diminution in the resisting force of the polanzed 
molecules. 

As the positive electricity which thus passes over to 6 spreads 
over its surface, it partially neutralizes its negative state, and 
thus tends to check the flow and interrupt the passage of the 
spark. There is also a sudden diminution in the tension of the 
electricity received by a from the prime conductor, which is an- 
other cause of this interruption. Apparently another cause con- 
spiring with these two is a reaction to the sudden lateral expan- 
sion above mentioned. If a were previously charged and insu- 
lated, and h brought coniinually nearer to it, the mutual induc- 
tive action of the two balls upon each other would initiate the 
electric movement above alluded to through the intervening air, 
which would finally result in the passage of a spark. 

The light of the spark results in part from the vibratoij 
movements in the atmospheres of the air molecules, attendant 
upon the discharge. (See p. 219.) Experiments by Kiess, Mas* 
son, and other physicists, have conclusively established that the 
electric light is partially due to the passage of highly luminous 
metallic particles from the positive to the negative surface. The 
•detachment of such particles, as one result of the discharge, may 
be explained by the discharges, or flow of electricity that must 
take place directly through the ball a, when the conductive dis- 
charge from a to 6 occurs. This follows from the fact that the 
electricity within the ball is no longer in equilibrium under the 
-action of the electrical shell that surrounds it, and the impulses 
conveyed by the electric current should tend to detach the par 
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tides at the end of the metallic line through the. ball. The 
luminosity of the detached particles is to be ascribed to the 
vibratory movements imparted by the discharge to the electric 
atmospheres of the particles. 

Mediation of Electricity. — There are various special modes of 
exciting electricity, but they are all only so many different modes 
of polarizing contiguous molecules ; or, more comprehensively, 
of effecting certain disturbances in the equilibrium of electric 
atmospheres. The different special causes of disturbance in 
these cases may all be traced to some action of the molecular 
forcesi, or of heat ; and, as we have seen (p. 64), heat is also, in 
ita primary origin, one of the molecular forces. 
- FHciional Ehscti-iciiy. — The surface of one body should not in 
its natural condition exercise any sensible direct electric action 
upon that of another, unless they are brought into close prox- 
imity ; certainly much nearer than in any ordinary case of mere 
contact. (See p. 240 and Table I.) When, however, two dissim- 
ilar surfaces are pressed together, especially if they are brought 
within the limits at which a force of adhesion would come into 
operation, the unequal molecular forces of the dissimilar parti- 
cles, might, as will be seen in another connection (p. 250), give 
rise to a polarization of the particles. The development of such 
polarization should establish a wave movement entirely through 
the two bodies (p. 242), and as the result, the surface toward 
which the flow occurred might have an excess of free electricity 
while it would be negatively polarized (p. 246); that is, the outer 
envelopes would, on the outer side of the molecules, have an 
excess of electricity, and on the inner a deficiency. The reverse 
would be true of the other surface. This is the probable explana- 
tion of the electrical excitement which may be obtained in a feeble 
degree, by simple ^rc55wre, as in the experiment by Haiiy, of press- 
ing the smooth surfaces of fragments of calcareous spar, quartz, 
Ac., between the fingers. But the process of excitation by fric- 
tion seems to be different. The most notable distinction to be 
perceived between the act of rubbing and that of pressure, is, 
that in the former alone the protuberent parts of the two sur- 
£sices are pressed against each other laterally. The probability, 
then, is that this lateral pressure of the surface particles is the 
immediate cause of the development of electricity by the rub- 
bing of one surface over another. Now it is easy to see that 
this pressure should tend to compress the electric atmospheres of 
the particles laterally, and so to produce an accumulation of 
electric ether on their outer sides, and a discharge from thence 
toward the other surface. If the surfaces be dissimilar in na- 
ture, or condition, the effects of this sort of action should be 
unequal^ and the result should be that upon the one surface there 
would be an excess of electricity, and upon the other a deficiency. 
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The particles of each body, if non-conductors, should also be- 
come polarized, after the same manner essentially as already ex- 
plained (p. 242), and in this condition would serve to retain the 
surfaces in their disturbed state (p. 245-6). The explanation 
here given is sustained by the eftect of heat when applied to 
one of the surfaces, which is to dispose that surface to take the 
negative state, and in fact the heat-pulses should expand the 
molecular atmospheres (p. 73) and tend to produce a discharge 
of electric ether from their outer sides. The like tendency of 
roughness of surface may be explained in a similar manner. 

The tension of the electricity obtained should depend upoa 
the degree of polarization which the surface molecules are en- 
abled to retain, for upon this will depend the limit of the resist- 
ance which they are capable of oifering to the free flow of the 
electricity from molecule to molecule (p. 246). It should there- 
fore be independent of the velocity, the pressure, and the extent 
of the rubbing surfaces, as established by Peclet. The electrical 
state of the surface, whether positive or negative, must depend 
upon the mutual relations of the surfaces, and the comparative 
energy of the disturbing force in operation upon each (p. 249). 

Voltaic Electricity, — In entering upon this topic, we must first 
endeavor to obtain, from our present point of view, an insight 
into the nature of chemical union. "When two dissimilar mole- 
cules, a and 6, are brought into close proximity, the effective ac- 
tion of a upon the atmosphere of 6 may be quite different in 
amount from that exerted by h upon the atmosphere of a.* As a 
consequence, the relative condition of these atmospheres may be 
disturbed ; in other words, they may become polarized. As" the 
act of polarization proceeds, an electric current, or series of 
waves (p. 243), will pass through the two molecules, and at the 
same time they will approach each other. As this approxi- 
mation continues the density of the electric ether between them 
will increase (p. 241, fig. 5,) and a true electric or conducting 
union mav thus be established between them. Under these 
circumstances, it would seem that finally the non-conducting 
resistance offered by the polarized molecules (p. 245) should be 
in a great degree overcome, a comparative equilibrium of ten- 
sion be established between the outer envelopes of the two at- 
mospheres, and, as a consequence, the polarization materially de- 
crease if not ultimately disappear. In this event the final union 
would be due chiefly, or entirely, to the molecular attraction 
proper, as in the case of similar molecules. It is in this final 

* A disturbing action from the molecular attraction, may even come into opera- 
tion when the molecules are beyond the range of effective attraction, that is beyond 
Oc, Fig. 1. For it is to be observed that in the action of each molecule upon the 
atmosphere of the next, the attractive impulses prevail over the repulsive, beyond 
40e as well as between Qa and Oc. 
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condition, essentially, that we suppose a particle of water to 
exist. The two constituent molecules, oxygen and hydrogen, 
are not polarized, or but feebly so, and they are, to a certain de- 
gree, in conducting communication witli each other,^^ 

In developing the theory of the voltaic current, let us confine 
our attention to the case of a single cell, consisting of water, or 
acidulated water, between a plate of zinc and a plate of cop- 
per. We must suppose that the first effect is a mutual polariz- 
ing action between a molecule of zinc and one of oxygen, the 
former being brought into the positive state and the latter into 
the negative state, upon their contiguous surfaces. The attrac- 
tion thus developed will arrange the oxygen, with its associate 
hydrogen molecule, on a line normal to the surface of the zinc 
plate. The farther surface of the molecule of hydrogen will be 
brought to the same positively polarized state as the zinc plate, 
and will act in a similar manner upon the next particle of water ; 
and so on from one particle to another until a complete chain of 
polarized molecules extends to the copper plate. 

In this chain, as first established, we regard each particle of 
oxygen as in the negative state on the side nearest to the zinc, 
and each associate particle of hydrogen as in the positive state on 
its farther side ; or at least that they are brought essentially into 
this condition, and that the true polarization of the contiguous 
sides is comparatively feeble, by reason of the conducting commu- 
nication between them, resulting from the condensed state of the 
electric ether by which they are electrically connected (p. 241). 
Not only does the positive repulsion that originates at the zinc 
plate establish, by induction, a chain of polarized water particles, 
in which the farther, or hydrogen side, is in the same positive 
state as the zinc, but it also tends to increase the density of the 
electric ether posited between the oxygen and hydrogen of the 
individual water particles of this chain, and so to urge them as- 
sunder." Before the closing of the circuit, while the mutual 

^ It is not absolutely essential to the explanation of the voltaic current that the 
two molecules, when combined, should be regarded as devoid of polarization. 

According to the received theory of the constitution of a molecule of water, we muat 
regard the molecule of hydrogen that combines with a molecule of oxygen as com- 
pound, and composed of two*simple molecules (p. 241, fig. 5); but this in no degree 
effects the explanation to be given, for the compound molecule, as it is not decom- 
posed, comports itself throughout essentially as a simple molecule would under like 
circumstances. It is to be observed that the process of polarization above considered 
does not occasion an excess of electric ether upon the entire molecule of the one 8ub« 
stance, and a deficiency on the entire molecule of the other ; since when a molecule 
becomes polarized it absorbs upon the one side the same amount of electric ether 
that it gives off from the other side (p. 242). 

In all these remarks the term molecule is used in the same sense as heretofore. 

^' If the constituent molecules of each water particle were not in conducting 
oommunication, then the action transmitted along the line would serve to polarize 
jthese molecules and thus to bind them more closely rather than to separate them. 
This objection seems to hold against Schonbein's theory. 
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polarizing action between the zinc and oxygen is in continual 
operation, waves of positive electricity spread in an indefinite 
series, from the zinc plate through the cell and all the media 
on that side of the plate (p. 243). A corresponding series <rf 
negative waves spread in every direction through the zinc plate 
and the media lying without it, the electric movement in these 
being toward the zinc plate. When the two plates are pro* 
vided with wires leading away from them, we have evidence <rf 
this wave movement, and of the polarization that has attended if^ 
in the positive and negative states of the ends of the wires. Now 
if the ends of these two wires be brought together, the entire 
series of waves which pass through the copper and zinc plates are 
condensed, so to speak, upon the wires, and pass through the 
circuit. The entire quantity of electricity that would be diss- 
pated from the copper plates is thus brought around to the zine 
plate again. The arrival of this electricity intensifies the poliff* 
izing action going on at the zinc plate, and hastens the union of 
the zinc and oxygen molecule. It also determines, if not before 
established, the completion of the line of polarized water-parti- 
cles traversing the cell. As soon as this takes place, the wavei 
that before spread through the cell are converted into linear 
currents. At the same time, the electricity discharged from the 
zinc to the oxygen passes over by conduction to its associate 
hydrogen molecule, and by its impulsive and repulsive action 
urges the latter over to the next particle of oxygen in the 
chain. This particle of hydrogen, with its charge of positive 
electricity thus received, acts upon the second particle of oxygen 
in the same manner that the zinc acted upon the first, and so on 
throughout the chain. As the detached hydrogen particle is 
made, by the same force which detached it, to attract the next 
oxygen particle more energetically, there may be no material 
movement of the common center of gravity of any of the pain 
of particles that are separating or uniting. 

The explanation of the voltaic current that has now been 
given seems to accord with the established laws and phenomena 
of the current. The primary electro 'motive force must consist in 
the energy of the natural polarizing, or chemical action," exerted 
between the zinc and the oxygen molecule, diminished by any 
opposing action of the same nature that may be in operation at 
the copper plate. It follows from the principles of induction 
laid down on p. 243, that the quantity of electricity in circula- 
tion, or the intensity of the current, must be the same at all 
points of the circuit. The period of time which the zinc and 
oxygen particles occupy in combining should be proportional to 
the length of the entire circuit, supposing it to be of the same 

** This chemical action is iDtensified by the cooperative polarizing^ actioo of tha ^, 
sulphuric acid. "^' 
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material and cross section throughout ; actually should be pro- 
portional to the " reduced " length of the circuit. During this 
period all the electricity set in motion by the union of the two 
particles should pass through the circuit ; or more strictly, be 
urged forward past each point of the circuit, in electric *' waves 
of translation." The quantity of electricity that moves forward 
in a given time should then be inversely proportional to the 
length of Hie circuity other things being the same. The reason 
that the quantity of electricity, or the intensity of the current, 
is proportional to the area of the cross section of the wire is, prob- 
ably, that the number of points of the zinc plate which are co- 
temporaneously in action, with the same degree of energy, would 
be proportional to this cross section. The tension of the elec- 
tricity circulating in the current should be the greatest where 
the velocity of the individual particles of the ether is the least. 
Possible retardations result from the electric relations of contig- 
uous molecules in the line being such that they become more or 
less polarized, and so oflFer a resistance to the free flow of the 
electricity (p. 246) ; besides that the process of polarization is 
attended with a retardation. The degree of polarization that 
exists at any point of the current serves as a measure of the 
" resistance " experienced by the current there. 

If an electrolyte be disposed between the ends of the wires, the 
theory of its electrolysis is similar to that of the decomposition 
of the water in the cell. The only difference is that the ends of 
the wires are brought by the electro-motive force into the same 
positive and negative states, which the natural chemical action 
m the cell determines upon the zinc and copper plates. 

When two or more cells are employed, the natural polarizing 
action at each zinc plate should be enhanced, and the tension of 
the free electricity at the ends of the wires of the broken cir- 
cuit should be augmented. Hence there should be a more ener- 
getic force to polarize and decompose an electrolyte interposed 
between the ends of the wires. But it does not follow that when 
only good conducting wires are employed to complete the circuit 
Ihe intensity of the current will be augmented by increasing 
the number of cells ; since the principal retardation of the flow 
occurs in the cells, and this increases in the same proportion 
with the number of cells. (See Pouillet, Elements de Physique^ 
ii, 732.) 

The heat developed in the voltaic current is to be ascribed to 
the impulsive action of the electric ether moving in it upon the 
universal ether. Currents, or waves of translation, are thus de- 
veloped in this ether, which fall upon the central atoms of the 
material molecules in the circuit, or the dense ether surrounding 
these atoms. The impulses thus received are given off, or pass 

Am. Jour. Soi.— Second Serib0, Vol. XXXIX, No. 117.— Mat, 1865. 

33 



I 



254 O. N. Rood on Combination of Light of different tints, 

into the molecular atmospheres, one after another, and are finally ■' 
radiated off as heat-pulses. The explanation is the same as that 
of the molecular absorption, and subsequent radiation of the 
ethereal pulses of radiant heat, already given (p. 215). When 
the condition of things is such that the particles in the circuit 
become polarized, a greater amount of heat should be developed, 
because a part of the electric movement within the molecular 
atmospheres, which was before confined to their upper portions, 
now occurs at greater depths, where the universal ether is mora 
dense. Thus, when the resistance to the passage of the current 
becomes greater, more heat is developed. Heat may also be 
evolved, under special circumstances, as a consequence of a com- 
pression of the molecular atmospheres, produced by the current. 
We shall see, in the remaining portion of this memoir, that it 
is to these same impulses of the moving electric upon the universal 
ether that are to be ascribed all the external actions of the cur- 
rent ; as attracting or repelling wires conveying currents in the 
same direction with the given current, or in the opposite direc- 
tion, — giving motion to the magnetic needle, — developing mag- 
netic, or diamagnetic currents, in the compound molecules of 
adjacent masses, — and inducing currents in wires, or metallic 
bodies, in the vicinity. 

[To be continaed.] 



Art. XXVIII. — On the combination which takes place when Light 
of difftrent tints is presented to the right and left eye ; by Prof. 
Ogden N. Kood, of Columbia College. 

In 1806, de Haldat stated that when differently colored glasses 
were held before the two eyes, a combination of the two tints 
took place in the brain, and that the resultant impression was 
the same that would have been produced by mixing tho two 
tints toojether, and presenting the compound color to a single 
eye. These experiments were repeated by many good observers 
without success. In 1841, with the aid of a stereoscope and po- 
lariscope, Dove confirmed the general correctness of de Haldat's 
conclusion. In 1846, Seebeck, and, in 1849, Foucault and Eeg- 
nault arrived at the same result. 

The testimony of these observers has then proved that a com- 
bination of the two sensations does take place in the brain, and 
that the resultant impression is, in the cases they examined, gen- 
erally similar to that which would be produced by the presenta- 
tion of the two tints to a single retina: but with what exacti- 
tude the resultant tint obtained by the binocular method agrees 
with that produced in the ordinary way by rapid rotation, or by 
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Helmholtz's method, or how far it is in point of fact possible to 
predict, by the binocular method, what the result of the true 
mixture of different tints will! be, is a question which, so far as 
I know, has never been studied. 

The following set of experiments was undertaken for the ex- 
amination of this matter. 

The first method pursued was as follows: Light of different 
tints, complementary or not, was presented to the right and left 
eye, and the resultant tint gained by binocular vision was noted : 
afterward, by the method of rapid rotation the two tints were 
mixed and presented to a single retina. In many cases the re- 
sults obtained by the two methods were nearly identical, but in 
others there was found to be a considerable variation, so that 
often it was impossible to predict by the binocular method what 
the exact resultant by rotation would be ; it sometimes being of 
a tint which was not at all present to the eye or mind during the 
binocular union. 

An open lenticular stereoscope was provided with a white 
card board, in which were cut two square apertures one half an 
inch in diameter, they being placed at such a distance apart that 
their binocular union readily took place. The ground glass was 
removed, and the stereoscope held horizontally in front of a ro- 
tation apparatus to which was «,ttached a circular card-board 
disc, with its two halves painted in diflferent colors. The disc 
remaining at rest, the dividing line of the colors being vertical, 
light of diflferent colors entered the two apertures in the card- 
board, and after their binocular union had been effected, the re- 
sultant was noted : the disc was then set in rotation, the stereo- 
scope remaining in its position, and a true mixture of the two 
tints was obtained and compared with the first result. 

Helmholtz has shown that vermilion represents the red of the 
solar spectrum up to the line C, that red lead answers to a por- 
tion between C and D, but not reaching up to D ; also, that the 
pare yellow portion of the spectrum is imitated by the chromate 
of lead, the less refrangible blue by Prussian blue, and the 
more refrangible blue by ultramarine. Accordingly discs were 
prepared with these substances, and, in addition, some others 
were used : viz. : a disc colored with a bright and pure yel- 
low, a little more refrangible than chrome yellow, but still 
not at all greenish yellow — its tint was about that of 107*7, in 
Kirchhofif^s chart: for the production of a greenish yellow disc, 
gamboge, with a minute portion of Prussian blue, was used — its 
tint was that of 118'2; more of the latter color, with gamboge, 
gave a good greenish-blue disc. Red discs, slightly purplish^ 
were used ; also discs colored with emerald green, 170* in the 
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chart. In addition discs of a golden yellow, being some of llie 
same paper I had previously used in the stereoscopic imitation 
of the luster of gold — its tint was 102*7 ; and finally purple discs 
were made by the mixture of ultramarine and crimson lake. 

Comparison of the results obtained by the binocular and actual combina- 
tion of different tints, 

1. When one-half of the disc was covered with vermilion, the 
other with emerald green, the binocular combination was rather 
difficult, and the result was sometimes a red gray, sometimes a 
green gray ; but when the disc was set in rotation, its true result- 
ant tint was found to be a decided green, which could not have 
been predicted from the binocular union. That red and green 
should give a decided green by rotation may seem singular, but it 
must be remembered that I was not able to vary the^^ropor^wm of 
these two tints, each half of the disc necessarily being of the same 
tint. In this case then, it merely happened that the intensity of 
the green was such that after a portion of it had been neutral- 
ized by the red, enough remained to give a strong green colora- 
tion to the disc. Similar results, given below, will be passed 
over without notice : they really furnished a delicate test for de- 
<5iding whether the binocular resultant agreed with that produced 
by rotation, preconceived notions of complementary colors being 
thus avoided, as it was impossible to know beforehand what the 
result would be, when the rotation experiment was tried with 
equal surfaces of the colored papers. In several cases the tints 
on equal portions of some of the discs nearly exactly balanced 
each other, so that the resultant tint by rotation approximated 
to a white or neutral gray. 

2. Vermilion and ultramarine gave with some ease the same 
tint by the two methods of combination ; viz., a red purple : the 
tint was however rather more red by rotation than would have 
been expected from the binocular combination. 

3. Vermilion and yellow (107'7) gave by rotation a tint con- 
taining much more yellow than would have been expected from 
the binocular examination. 

4. Vermilion and purple gave the same tint in both cases, viz., 
a red purple. 

5. Vermilion and black gave approximately the same result 
in the two cases ; the disc was however less red by binocular 
yision than by rotation. 

6. Vermilion and white gave the same result in both cases. 

7. Orange, (red lead,) and purple gave a good approximation 
to the same result in the two cases^ the tint was more red by 
rotation than was expected. 
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8. Orange and black gave a more neutral tint by binocular 
vision than by rotation. 

9. Orange and white gave the same tint. 

10. Chrome yellow and emerald green (170*) gave the same 
result, viz., a yellowish green. 

11. Chrome yellow when combined with black by rotation 
gave a more decided yellow than would have been expected from 
the stereoscopic union of the two components. 

12. With white the tint was the same in each case. 

13. Emerald green with white gave the same tint in both 
cases; with black the tint was not nearly green enough in the 
binocular union. 

14. Ultramarine with white or black gave about the same re- 
sult in each case. 

16. Purple and yellow (107*7) by rotation gave a decided yel- 
low : the resultant impression from binocular vision was much 
more neutral. 

It will be noticed that in all these experiments the colors of 
the discs were such either in intensity or nature that by rotation 
a neutralization was not to be expected ; I now pass to those 
cases where the tints were complementary or approximately so. 

1. Golden yellow and Prussian blue gave about the same tint 
in the two cases, viz., a nearly pure gray. 

2. Vermilion and greenish blue gave approximately the same 
tint in both cases, viz., a gray slightly purplish : the tint by bi- 
nocular vision was a little more neutral. 

8. Greenish yellow and purple gave sometimes the same tint 
in both cases, viz., a gray with a tinge of green. 

4. Emerald green and purplish red gave by rotation a good 
neutral gray, but I could not, by binocular vision, get exactly 
the same result, the tint of the resultant being either too red 
or too green. Both of the original colors used were very pure 
and bright. 

Lastly, I give two combinations on which many experiments 
were made, viz., first, chrome yellow and ultramarine. By the 
stereoscopic union of the components a pure gray was obtained, 
or at least a gray without any tinge of red, but by rotation the 
color was of reddish copper hue, which could not have been an- 
ticipated in using the other method of combination. Also, yel- 
low (107*7) and ultramarine often gave in the binocular methods 
neutral gray, while the true union of the colors gave a flesh tint. 

It will be seen from these experiments, that while a combina- 
tion does in reality take place, yet that the resultants in the two 
cases may very considerably differ, and farther, that there is a 
tendency in the binocular method to consider the resultant im- 
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pression a neutral one, when the method by rotation shows that 
this is not truly the case. This is illustrated in a striking rnau- 
ner By an experiment previously published by me, which I have 
lately repeated a number of times with the same result. A yel- 
low glass is held before one of the eyes, a blue glass before the 
other, when, as Briicke rightly states, a landscape thus viewed, 
seems of a neutral gray if the attention be equally directed to 
the two impressions. When, however, the two glasses are at- 
tached to opposite openings in a blackened card disc, and set in 
rapid rotation so that the tints are truly mixed and a true result- 
ant obtained, this is found (with the glasses I employed), to be a 
strong pur})le, though nothing of this kind is seen or suggested 
in the oiuocular use of the glasses. It is probably this tendency 
to consider the resultant neutral, that makes it so easy to com- 
bine, in binocular vision, tints produced by polarized light, and 
to perceive that the resultant is white. 

It may be remarked in passing, that when the stereoscope is 
held as described before the two halves of the colored disc, and 
the latter is caused to revolve slowly, that the aperture in the 
card board appears extraordinarily lustrous, so much so that it 
would be possible by a little artistic arrangement of the accesso- 
ries to deceive persons with the belief that they were looking at 
the surface of a polished metallic mirror. 

Binocular union of complementary tints produced by polarized light 

For the purpose of experimenting on this point, I arranged a 
binocular polariscope, consisting of a large plate of polished 
glass resting on a black cloth, two Nicols' prisms being fastened 
before the two eyes in the right position, the principle section of 
one of them making an angle of 90° with that of the other. As 
objects, plates of selenite were used, fastened behind apertures 
in black card board. Films of common mica cannot well be 
employed on account of the rapid change of the tint by the least 
inclination. As the colors were exactly complementary, the re- 
sultant by binocular vision should always be pure white. 

Results with polarized light, 

1st, Red with greenish blue of 2nd order combined with some 
readiness to make a white. The same was true of these tints in 
the Srd order; here the resultant white wasveiy easily obtained. 
The same tints in the 4th order gave an excellent result ; the 
components were of course pale, but the resultant white was pro- 
portionally steady. So also with the same tints in the 5th order. 

2nd, Golden yellow with its complementary blue of the 2nd 
order, gave a good result. The same tints of the 8d order also 
readily neutralized each other. 
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8rd, Yellow and indigo blue of 1st order gave easily a very 
ffood white. The same tints in the 2nd order united with more 
difficalty. Union was about the same in 8rd order. 

4th, Greenish yellow and violet of 2nd order combine to a 
white with some difficulty. The same is true of these tints be- 
longing to the 3rd order. 

5tb, Green and purplish red of the 2nd order, united with 
moderate ease. The same tints in the 3d order united with 
great ease, and the resultant white could be retained very steadily. 

From the above it will be seen that the union most easily 
takes place when the complementary tints have a low intensity. 
The same result can also be produced with the colored discs by 
shading them, when the two impressions much more readily fuse 
into a neutral single one. 



Art. XXIX. — On an experiment with tlie Gyroscope; by Prof. 

0. N. Rood, of Columbia College. 

If a gyroscope be suspended in equilibrium l)y pivots at p 
and p'j and the disc be set in rotation in the direction indicatea, 
and an atten^pt be made to cause it to rotate about a new axis 
p' Pj in the direction shown at A, the 
distc will tend to turn in the direction 
s 5, and if the ip'wotsp p' are immov- 
able, pressure against them will be 
generated in the direction s s, which 
will continue till the disc has been ro- 
tated through an arc of 90°. If the 
rotation around the new axis p p\ be 
still continued, the pressure on the 
pivots p p' becomes reversed, and the 
disc tends to move in the direction ff. 
and retains this tendency till it has 
passed over an arc of 180°, when this tendency is again reversed 
and becomes the same as in the first case, its sign not being 
changed till the disc has passed through an arc of 180°. 

Hence, during the entire revolution around the new axis^jp', 
a varying pressure is exerted on the fixed pivots, alternately to 
the right and left hand. 

It occurred to me that by causing a gyroscope, suspended in 
this way, to rotate rapidly about a new axis as p p', its original 
motion might thus be destroyed in this indirect manner. A 
gyroscope was selected, which, when set in rotation by a certain 
force and allowed to remain undisturbed, continued in motion 
for 16 minutes. It was connected with a set of multiplying 
wheels, and the instant after it had been started in rapid rota- 
tion, it was forcibly caused to revolve about the new axis p p\ 
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at a rate of forty revolutions per second. The resistance exper- 
ienced was considerable, such as in two cases to eject the disc 
from its mounting, and the motion of the disc was found to be 
arrested in about twenty seconds, or in the ^V^^^ portion of the 
time it otherwise would have occupied. 



Art. XXX. — Description of a simple apparatus for producing 
lustre without the use of Lustrous surfaces or of the Stereoscope; 
by Prof. Ogden N. Rood, of Columbia College. 

In attentively looking at plane polished surfaces of aventurine 
glass, I have often been for a moment unable to determine by 
binocular vision exactly • where some of the imbedded crystals 
were placed, they seeming for an instant to be suspended in the 
air above the glass. This uncertainty depends on the fact that it 
frequently happens minute crystals will reflect bright beams of 
light to one eye but none to the other, so that one of the binoc- 
ular components is wanting. The apparatus described below 
was contrived so as to produce the same effect even to a much 
greater degree, as well as to show the production of simple lustre. 

A box was constructed three inches long, one' and a half 
inches broad and deep ; this was blackened, and provided with 
a black screen at S ; the side directly under 
S was left entirely open, and allowed the 
light from a window or candle to enter. 
At b was an aperture J inch square, which 
was covered by a black card-board or piece 
of blackened brass foil, in which a hun- 
dred or more pin-holes, or better, minute 
triangular apertures, were punched. Directly below this on the 
blackened surface of the floor of the box, were sprinkled about a 
hundred small pieces of white, red, and green paper, each being 
about y^yth of an inch square. When thus arranged and prop- 
erly illuminated, many of the apertures appeared lustrous, lite 
small brilliant grains of sand, from the reason that, owing to the 
construction, light of different intensity or color was presented 
to the two eyes. 

If now a second blackened diaphragm of brass foil, perforated 
with many minute triangular apertures, carefully prepared so as 
not to have an indented surface, be placed above the first set of 
apertures, at a distance of J or J of an inch, brilliant points of 
light are seen either by one eye or the other, light from the same 
opening rarely reaching both ayes. It now becomes impossible 
to decide on the location of these points, and they ofken seem 
suspended in space, somewhere in tne interior of the box, but 
exactly where the observer cannot determine. 
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Art. XXXI. — Remarks on the Beairicece, a new Division of 

Mollusca; by Alpheus Hyatt, Jr. 

During an expedition to the island of Anticosti in the sum- 
mer of eighteen hundred and sixty-one, undertaken by Mr. A. 
E. Verrill, N. S. Shaler and myself, and prosecuted under the 
auspices of the Museum of Comparative Zoology, in Cambridge, 
numerous specimens of «Beatrice88 were collected at English 
Head, West Point, near Junction CliflF, on the shores of Ellis 
Bay, and at several points between Salmon Eiver and Fox Bay. 

i have satisfied myself by a careful inspection of this large 
collection during the past two years, that these remarkable re- 
mains are not tree-like fossils, as originally described by Mr. Bil- 
lings of the Canada Geological Survey, but a new and interesting 
order among Mollusca closely allied to the Orthoceratites. 

I have in course of preparation a monograph upon this new 
order, but, as unforseen difficulties will probaljly delay its com- 
pletion, I hope that even so slight a sketch as is here given of 
the most prominent characters may not prove uninteresting.* 

The Beatricesa are long cone- like bodies, composed of three 
distinct parts, or layers, in the following order : (1) A central 
chain of small hollow chambers ; (2) a succession of concentric 
coniform layers ; (3) an external or sub-epidermal layer. 

(1.) The central chambers are imperforate, generally deeply 
concave, and set one upon another like a pile of Chinese tea- 
cups. The tops, as also the bases of the coniform layers, are. 
turned toward the larger end of the fossil, and completely closed 
by the bottoms of the succeeding cavities. They invariably 
occupy the axis of the encircling coniform layers, and have thin 
and sharply defined walls, resembling the fossilized nacreous 
septa of an Ammonite or Nautilus, and are not continuous with 
each other or with the adjoining coniform layers. 

These cavities present many variations of form in the same 
individual, especially in B, undulata^ sometimes in this species 
even becoming reversed, convex instead of concave, or broken 
up into several minor chambers. Such irregularities, however, 
are merely local, arising from mutilation or other disturbing 

' Although any adequate acknowledgment of the kindness shown to the mem* 
ben of the expedition by Prof. Louis Agassiz, Sir Edmund Head, then Govemor- 
Oeneral of Canada, and Mr, Qeorge Ticknor of Boston, all of whom did their ut- 
most to aid us in accomplishing our designs, would be more appropriate in the 
monograph alluded to above, I cannot refrain from availing myself of the present 
opportunity to express our sincerest thanks for the sympathy and assiatnncu we re- 
ceived from them. My personal thanks are also due to ray father, Mr. Alpheus 
Hyatt, Sr., of Baltimore, Md., to whose generosity I owe the privilege of attending 
the expedition. 

Am. Jous. Scl-^eoond Ssrixs, Vol. XZXIX, No. 117.'Mi.t, 1866. 
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causes, not affecting any individual as a whole. In J5. nodulosa 
they remain, with but few exceptions, constantly concave, and 
have regular forms. 

(2.) The coniform layers are separated in fully grown speci- 
mens by intervening spaces near the central line of cup-like 
cavities, which become gradually shallower upward and out- 
ward, and finally disappear between the closely appressed bases 
of the overlapping layers. 

In consequence of the great length of the cones or layers, the 
upper or narrower portions of the inftrvening spaces iu B, nod- 
ulosa are parallel with the external surface, and appear as nar- 
row streats of blue limestone. In the young of B. unduhia 
and B. nodulosa the intervening spaces are not present, but the 
layers are easily distinguished and have the same abrupt cone- 
like terminations as in the adult. The cones are formed of 
numerous thin laminae, whose surfaces being but partially in 
contact, form oblong, angular, interstitial spaces or cells, with 
two concave, and one convex side, the latter always turned out- 
ward. They are largest near the center, giving a porous, spongy 
aspect to that part of the cone immediately around the axial 
cavities, but become gradually smaller outward until they are 
not distinguishable by the naked eye between the closely packed 
laminae. 

(3.) The sub-epidermal or outer layer is of a dark brown color, 
and in well preserved specimens is ornamented and continuous 
without annular marks or furrows. 

It was probably the structure of the overlapping partitions or 
cones, and the parallelism of their upper parts, which in a trans- 
verse section closely resemble annular rings of growth, that led 
Mr. Billings to class Beatriceae with plants. The cellular 
structure is, however, not due to the presence of true cells per- 
vading the substance of the cones, but to the regularly formed 
interstices, described above, between the thin laminae of which 
they are composed ; and the annular appearance is consequent 
to the overlapping of the cone-like concentric partitions, which 
were deposited from within, and cannot, therefore, be considered 
plant-like exogenous layers. 

We were fortunate enough to obtain a specimen of B, undu- 
lata at English Head which demonstrates that the cone-like par- 
titions are the walls of chambers that were successively occu- 
pied by a part, if not by the whole body of an animal. 

It is a fragment of the larger end, broken across the terminal 
chamber, exhibiting the outline of the animal parts, contained 
within the cavity at the time of the burial of the Beatricean in 
its Silurian grave. The centre is filled with a core of carbonate 
of lime from which a variable number of lobe-like longitudinal 
folds impinge against the sides of the vesicular cone, corres- 
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ponding to angular external ridges projecting from the outer 
surface. The spaces between the folds are acutely angular, and 
answer to an equal number of broad shallow channels between 
the external ridges. The correspondence of this core with the 
exterior renders the supposition of its being the fossilized form 
of those parts of the animal that secreted the shell extremely 

f>robable. The differences, also, which exist between the lobc- 
ike folds and the corresponding, angular, external ridges be- 
tween the vacant, deeply cut, angulated interspaces, and the 
shallow, external channels, show that the inclosed body was sur- 
rounded by a mantle. If the shell had not been secreted by an 
enveloping mantle, the outline of the exterior would have cor- 
responded more closely to the internal irregularities of the sur- 
face of the body, and there would have resulted a shell with 
prominent lobe-like folds, instead of depressed, angular ridges, 
and deeply cut angulated interspaces, instead of broad, shallow 
channels. 

In attempting to refer the Beatriceae to their proper place in 
the animal kingdom, we were at first much impressed by their 
great likeness to Cystophyllum ; Mr. Verrill, however, after 
having made extensive comparisons between them and all the 
seemingly allied forms of Eadiata in the Museum of Comparative 
Zoology in Cambridge, became convinced that their apparent 
affinity to the Eadiate branch was nothing more than an analogi- 
cal resemblance ; extending, however, in a most extraordinary 
^manner throughout the internal. parts. 

Mr. Verrill separates them from the Eadiata principally because 
of the absence of any radiated structure, and the presence of the 
external, subepidermal, ornamented layer; features which he 
considers as irreconcilable with the structure of that branch. 

An additional objection of considerable weight, may be founded 
upon the internal organization of the specimen, from English 
Head, above described. 

This, with the fossilized remains of its former occupant still 

{)reserved within the chamber, the last of a series of other cone- 
ike chambers, when considered in connection with the contin- 
uity of the sub-epidermal layer, and the absence of all annular 
furrows, shows conclusively that the shell was secreted by a 
Mollusk. 

The Beatriceae are very like the Hippuritidse, both in general 
form and the arrangement of the component parts of the shell ; 
but here again it may be demonstrated that the resemblance is 
not so close as it at first appears to be. 

The geological horizon in which they occur, without other 
evidence, would alone be sufficient to render their affinity with 
the Hippuritidae exceedingly doubtful; but, besides this, the 
structure, evidently, is not so closely allied to that of the Hippu- 
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rite as to the Cephalopod. The shell of the Hippurite is coitt' 
posed of three parts : first, the inner septa, second, the outer lay* 
ers, which frequently form a porous mass,* and third, an external 
sub-epidermal layer.* 

The inner septa, which supported the principal part of the 
body of the Mollusk, form large cavities, while the second part 
is made up of laminae laid on by the mantle margin, or at least 
that part corresponding to the mantle margin of the Lamelli- 
branchiates. 

In Beatriceae, on the contrary, the inner septa did not contain 
the body of the animal, and there are no marks whatever of a 
mantle margin. This objection could not be urged against their 
affinity with Caprinella and the like, in which the central cavi- 
ties are small ; but from these they may be separated by the ab- 
sence of all ligamental or muscular impressions and the mode of 
forming annular, cellular partitions, composed of numerous lam- 
inae, instead of a continuous series of porous or tubular lamin». 

The Hippurites, Caprina, and the lite, were, with few excep- 
tions, attached to the surfaces upon which they lived or to cacn 
other, and had short, thick, cone-like forms, affording broad 
bases of attachment, whereas the Beatriceae were long, thin, al- 
most tubular bodies, resembling the Orthoceratites, and entirely 
unfitted to support themselves in fixed positions. 

We saw hundreds of B, nodulosa and B. undulata " in situ," 
but nowhere any indications of attachment, either to the rocks 
or to each other. 

After close comparison with all the types to which these sin- 
gular fossils appeared to have any resemblance, I have at length 
considered myself warranted in considering them as Cephalopoda 
more closely allied to the genus Endoceras, than to any other 
group of that class. 

They differ greatly from all the Tetrabranchiates, in the open 
structure of the partitions or septa between the chambers, and 
this character, together with the absence of a siphon, and the 
cone-like form of the septa, demands that they should be sepa- 
rated as a distinct order, for which I propose the name of Ceri- 
elites.* Although distinct as an order because of the difierences 
in the form and structure of the septa, arising from their great 
length, and the loose way in which the laminae are arranged, the 
parts may be compared point for point with similar parts of En- 
doceras. 

We raay imagine the cone-like septa of a Beatricean to be 
spread apart, until their surfaces should be parallel throughout 
the shelly they would then be entirely separated by hollow 

* Woodward. Hippuritidas. Quar. Jour. GeoL See.; London, y. 16, part 1, 
page 41. 

* Woodward. Quar. Jour. Geol. Soc., p. 4*. 

* xf^piovt a honeycomb, Xc9o$, ti %tQU«. 
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chambers, as the septa are in Endoceras, and if, at the same time, 
the central cup-like cavities were supposed to be prolonged into 
cones, we should, without violence to the typical idea of the or- 
ganization, have transformed the Beatricea into k shell separable 
from the^ Endoceras by only one character, the vesicularity of the 

pta. 

The analogies which the Beatriceae have with plants in their 
general aspect, with Eadiates in their internal vesicular struc- 
ture, and with Hippurites in the arrangement of the parts, are 
80 close as to entirely bury, as it were, their true affinity with 
Cephalopoda, which only becomes obvious after diligent com- 
parisons. 

This complex nature establishes the Ceriolite as one of those 
rtrange' types that not only combines, as does the ^^ Phoronis hip- 
pocrepia* the Annelidan homomorph of the Hippocrepian Poly- 
2oa," the characteristic features of other groups belonging to 
different branches of the animal kingdom, but also of groups 
in other classes within its own sub-kingdom. 

All these analogical relations are, so to speak, retrospective ; 
they refer to lower ranks of life than the one in which Beatricea 
itself is found. 

There still remains a question which I have not been able to 
solve in a satisfactory manner with the specimens at my com- 
mand. Are the Beatriceae internal or external shells? This 
problem, so difficult to settle conclusively with regard to the 
Orthoceratites, is equally puzzling in the structure of Beatricese. 
Their extreme length, cellular structure, and the irregularity 
of the ornamentation, would be almost determinative in favor 
of their being internal shells, were it not for the aspect of the 
cast of the animal in the terminal chamber of the specimen 
from English Head, which proves that a large portion, if not the 
whole of the body, was contained within the snell. 

If, however, upon further examination, they should prove to 
be internal, which I consider doubtful, the cycle of their ana- 
logical characteristics would be completed, and they would refer 
not only to lower types, but have certain features in common 
with the more highly organized dibranchiate Cephalopods. 

There are but two known species of the order Ceriolites, both 
occurring in the Silurian strata of Anticosti.* 

Mr. Billings, in describing the species, states that they differ 
only in the external ornaments or markings.'' 

* Allroan's fresh- water Polyzoa. Ray Soc., 1856, p. 65. 

' Since writing the above I have been indebted to Prof. J. D. Dana for the loan 
of some fragments of a Beatricea, resembling B. undtdata, from Kentucky. The re- 
moteness of this locality affords ground for hoping that the remains of other speciea 
may behrought to light in some of the intermediate Silurian basins. 

"^ Billings's Report, Canada Qeol. Survey. 1858-56. p. 848. 
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He, however, probably did not possess so fine a series of 
natural sections as it was our good fortune to collect, or he would 
have discovered the very considerable dijBFerences which exist in 
their internal structure, by which they may be as readily distin- 
guished as by the external characters. I think, therefore, it may 
not be amiss to redescribe the species, giving such peculiaritii 
as have not already been mentioned. 

Order CEEIOLITES, Hyatt 

Family CERIOLID^ Hyatt 

Genus Beatricea, Billings. 

Beatricea nodulosa^ Billings, is a long cone, tapering very grad- 
ually, the central chambers occupying from a fourth to a third 
of the transverse diameter in adults; in the young they are 
larger proportionally, varying from one-half to two-thirds of 
the breadth of the whole shell. The coniform layers are nearly 
parallel ; the inclination at the lower part, as they trend outward 
to the circumference, being decreased very slowly. The external 
shell is closely set with tubercles and covered with granular 
points. The si25e, as nearly as could be inferred from fragments, 
IS not over four feet long, by from three to five inches in diam- 
eter at the larger end. 

jB. undulata is a much larger species, one fragment found by 
the expedition being thirteen and a half feet long, by eight and 
a half inches in diameter at the larger end, and judging by the 
inclination of the sides, the length of the entire shell, when 
living, was certainly not less than twenty feet. The chambers 
are very small, frequently in adults not occupying more than 
one-tenth of the transverse diameter. The coniform layers are 
more widely separated in the adults than in the young ; their 
inclination as they trend outward to the periphery is more de- 
cided, and they nowhere assume the parallel appearance of the 
same parts in Beatricea nodulosa. 

The exterior is granulated and ornamented by ten or more 
prominent longitudinal ridges and intervening broad, shallow 
channels. 

Cambridge, Mass., Dec. 6, 1864. (Residence, Baltimore, Md.) 
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Abt. XXXII. — The Albert Coal, or Albertite, of New Brunswick; 

by Charles H. Hitchcock. 

The nature of the Albert coal and the mode of its occurrence 
in the strata have been vexed questions in geology. Its beau- 
tiful appearance attracts the eye, while its pecuniary value gave 
rise to the litigation which occasioned the delivery of the diverse 
opinions. In this as in so many other diflScult subjects time has 
developed much truth, and shown us that we must not insist too 
strongly upon seemingly well-established theories. 

In this communication I propose to describe briefly the geo- 
logical features of the Albert coal vein and the accompanying 
rocks. I shall, whenever necessary, refer to the facts observed 
by others in this locality, but rely chiefly upon my own observa- 
tions made in 1861 and 1864, as well as upon hints derived from 
persons of intelligence living in the vicinity. For a knowledge 
of many facts relating to the distribution of the different strata, 
I am indebted to Mr. James Blight, of Hillsborough, N. B. It 
is necessary to be dependent upon others for some knowledge of 
the internal structure of the Albert Mine, because the Company 
will not allow any scientists to examine their property below the 
surface. I use the word coal as a matter of convenience, not 
necessarily in strict propriety. 

There are four different mining properties in Hillsborough, 
situated upon veins of Albertite : — the Albert, (the only one 
worked extensively and thoroughly proved), the East Albert, the 
Prince of Wales, and the Princess Alexandra. The second lies 
east of the first, and the others north and south of the same. 
Hillsborough is situated upon the west bank of the Petitcodiac 
river, near its confluence with the Bay of Fundy. 

The rocks are of Lower Carboniferous age, and belong to the 
Acadian coal series. Several species of PalceonisciLs, Lipidoden* 
dron^ LepidostrobuSj Sphercudra, and Stigmaria occur in the shales 
and sandstones. Two or three miles southwest from the Albert 
shaft there appear older crystalline rocks, such as syenite and 
metamorphic slates ; constituting the easternmost point of the 
extension of these rocks from the vicinity of St. John. The 
lowest rock in the Carboniferous series is the Albert shale; but 
I cannot state whether it crops out near the syenite. It probably 
does not appear anywhere on the edges of the coal basin. Noth- 
ing similar to it occurs in the Joggins* section. It should be ex- 
pected to occur near and below the numerous deposits of gyp- 
sum in the eastern provinces. 

This shale contains a large amount of hydro-carbonaceous 
matter. Certain layers of it at the " Caledonia Oil Works," by 
a rude process, have yielded thirty gallons of refined illunxinat- 
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ing oil to the ton. The greater portion of the shale will bui. 
tain a fire without the aid of other fuel. Other layers are mon 
bony, and others still highly ferruginous. It contains immense 
numbers of fossil fish, almost enough to make one imagine they 
gave the shale its inflammable character. The surfaces of miaj 
layers are glazed. The rock is very weak and abounds in smul 
contortions of the strata. It appears in three localities. The 
largest has the Albert shaft in its centre ; being exposed a mile 
or so in length, and showing best in the low ground. Small 
patches of shale may be seen on Peck's and Stinking Creeks, be- 
sides an unknown amount farther west at the oil-works. This 
series cannot be less than one thousand feet thick, as it has not 
yet been cut through by the shaft, and the general inclination of 
the bedding is very small. 

The second group of strata is a conglomerate, separated from 
the first by a narrow bed of sandstone. Bits of Albert coal and 
shale constitute component parts of certain coarse sedimentary 
strata of this group, and render them oleaginous. The thickness 
is unknown, probably from 100 to 200 feet. Between the Albert 
shaft and the Fetitcodiac, from three to four miles, this group 

Srevails at the surface, except it be a small area of shale in a 
eep valley. 

The next layers in ascending order are red marl and a bloisli 
gray siliceous limestone. Above these are immense deposits of 
gypsum, from which most excellent plaster-of-paris is made for 
exportation. The highest rock in the series in this vicinity is an- 
other great mass of reddish conglomerate and sandstone. 

There appears to be an anticlinal axis passing through this re- 
gion, trending nearly ten degrees north of east. I have traced 
it from the Albert shaft to the Petitcodiac river, and have reason 
to believe it extends much farther, both west and east. The an- 
ticlinal structure is shown in three ways. First, the testimony 
is unanimous that there is an anticlinal in the Albert Mine. 
Second, the conglomerate dips in opposite directions in seven 
equi-distant localities examined over this area, but the dip is 
small. Thirds the rocks succeed one another on both sides of 
the supposed anticlinal line in the ascending order mentioned 
above. On the north, we find above the shale, conglomerate, red 
marl, limestone, gypsum and sandstone. On the south, the order 
is the same with an opposite dip. 

There appears to be a fault along or near this axis, displaying 
the usual phenomena of anticlinal fissures, and its location may 
easily be accounted for. The great plicating force acting from 
the direction of the ocean crowded the Hillsborough rocks north- 
westerly from the Bay of Fundy, crushing them up into a fold. 
The shale was not strong enough to sustain the bending; hence 
its layers were much twisted and fissured along a central line. 
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It is not likely that any of the shale rose above the surface at 
the time of flexure ; and now that a portion of it has been laid 
bare by the removal of the upper rocks, the fissure and contor- 
tions show more plainly than in the overlying tough conglome- 
rate to the east, which being narrower will naturally contain less of 
any foreign matter that has subsequently been injected into it.* 

Some relics of this great force are now perceptible at the 
Albert mine, showing that the pressure is still exerted, perhaps as 
strongly as at any time of its manifestation. This phenomenon is 
much more'noticeable than the "swellings of the walls,'' so com- 
mon in deep mines. As soon as the coal is removed, strong tim- 
bers are put in to keep open the drifts, but in a short time these 
cross-pieces are split and crushed by the powerful force pushing 
the walls together. And when the timber is destroyed, the walls 
shut in, closing with a great noise as loud as thunder for hours, 
bat not so near the workmen as to interfere with their progress. 
Not merely do the walls close, but frequently large fissures are 
produced behind the vein, so that the miners can clamber up 
and down new crevices. Large masses of rock are sometimes 
detached from either wall, in consequence, filling up the drift. 
We might explain the falling of fragments by gravity, but not 
80 easily the crushing of the timbers. 

The coal shows the eflfects of the crushing process no less 
plainly. It is much broken, even to grains, and needs no pick 
for its removal from the vein. It will flow as easily as heaps of 
com, and therefore pains are taken to tap the vein in the right 
place, and at the proper time. If by oversight the main shaft is 
not walled up very tight, the coal will stream through the crevices 
between the beams, to the great inconvenience of the workmen. 

The first outcrop of Albert coal was discovered by John Duffy, 
fifteen or sixteen years ago, in a deep ravine on Frederick's brook. 
The vein was about four feet wide, but by working upwards 
twenty-five feet into the bank, it thinned out to two or three 
inches. Duffy drifted about 800 feet on the course of the vein 
above the water-level, and sunk a shaft sixty feet, where the 
ooal is said to have attained a width of ten feet. He then dis- 
posed of the property to Cairns, Allison & Co., who held it at the 
time of the litigation, but have now mostly transferred their 
shares to other parties, holding them under the same charter. 

To describe the numerous variations in the course, thickness 
and shifts in the Albert workings, so far as known, would be 
unnecessarily tedious. Percival describes them for the first 200 

^ The fact of the existence of the coal in a vein occupying an anticlinal disloca- 
tion was maintained by Messrs. Robb and R. C. Taylor m their Joint Report upon* 
gibe Albert Mine in 1851. See Proc. Am. Phil. Soc., vol. v, p. 242. Their report 
vas aecompanied by chemical analyses b^ Dr. 0. M. Wetherill, who made the ma- 
tttial a variety of asphaltum and named it mtlan-atphalt. 

▲k. Joub. Sol— Second Sbbibs, Vol. XXXn, No. 117.— Mat, 18^. 

35 
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or 300 feet of the descent, occupying more than three pages of 
the size of this Journal in a little naore than catalogue style of 
enumeration. I am assured by the manager, Capt. Byers, that, 
from that depth to the bottom of the shaft, 950 feet, the character 
of the irregularities has not changed. • In brief, the peculiaritieB 
of the mine are the following. 

The general course of the vein is N". 65° B., but the coal is 
repeatedly heaved southward by small faults. Its inclination is 
northwestward from 75° to 80°, often vertical. The body of the 
vein is extremely irregular, constantly expanding and contract- 
ing, both laterally and vertically. What is too narrow to be 
worked in one level enlarges to six and twelve feet, a hundred 
feet lower, or the reverse ; but in general the width increases in 
following down the vein. At the time of Percival's examination, 
the vein was not considered workable 170 feet west from the old 
shaft. At lower levels the yield is renumerative 700 feet west 
and 2300 feet east of the new shaft, which lies several rods west 
of the first. In consequence of the uncertainties in the char- 
acter of the vein, it is found necessary to accumulate a large 
supply of the coal during the suspension of navigation, so that 
there will always be enough stock on hand in the warmer months 
to load the vessels without delay. Whenever a displacement is 
met with the vein is not lost, because a film of the coal remains 
in the slip to indicate the location of the heaved portion. The 
widest part of the vein is said to be twenty-eight feet. 

The narrow portions of the coal are invariably contained in a 
harder rock ; where the rock is softer the vein is larger. " Horses" 
are common. In such cases the cavity above, out of which the 
horse fell, is found to be filled with coal ; so that the width of 
the coal at that level is equal to the usual width plus the width 
of the horse. Numerous small branches run off into the shales 
from the main vein. These are short and might be described as 
irregular and branching spines from a main stem. Many of the 
fragments of rock taken from the mine show these small injec- 
tions. The most striking proof of the proper character of the 
mass is afforded by the edges of the strata in contact with the 
coal ; they are coated with Albertite, while the surfaces are cov- 
ered only when enclosing one of the small lateral branches, a 
few inches long. 

With the facts now presenting themselves to the explorer, I 
think no one would call the Albertite mass a bed. It occupies 
an irregular fissure along an anticlinal line, and the deep work- 
ings have failed to develop the lower anticlinal branching of the 
coal anticipated by the advocates of the bed theory. The nu- 
merous branches are unlike any phenomena connected with 
beds. There is no fire-clay to form the floor of a bed ; and, in 
addition, the common adherence of the coal to the edges of the 
strataj rather than slickenaiAea — -1 do iio\.\Xi^Ty.\i\iv.Q^^ In the hori- 
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sontal slips — seems to complete the evidence that the coal does 
aot occur between stratified planes. To disclaim a bedded char- 
icter casts no reflections upon the observations of the distin- 
guished geologists who have decided otherwise ; because they 
itarted with erroneous premises. To them the idea of coal in a 
«rein was preposterous. It appeared as great an anomaly as it 
BTould be now to find Niagara fossils in the Potsdam group. 

The vein-character of the deposit is seen more distinctly in 
the smaller openings. On the East Albert property two shafts 
have been commenced near the anticlinal line in the conglomer- 
ite over the shale. These reveal, at the depth of thirty feet, 
aearly six inches width of a richer and more beautiful coal than 
ihe Albert, gradually thinning out to the width of coarse paper 
It the surface, and most unequivocally cutting vertically across 
learly horizontal layers of sandstone. As before, we have here 
;he phenomena of shifts constantly working the vein southward, 
ind a slight leaning in the same direction. Following the line 
o the Petitcodiac, there are seen other openings upon the vein of 
ess extent. 

The two veins crossing the anticlinal are very interesting. 
Jpon parallel lines about a mile apart, their course is N.E. and 
J. W. One appears to intersect the principal vein very near the 
ybert shaft. The intersection of the other is concealed by a 
freat depth of alluvium. It cannot be said that the coal is likely 
o prove more abundant at these intersections, as is the case at 
.he union of metallic lodes, yet the similarity of the two classes 
)f veins is such as to warrant the exploration. 

These two side veins cut the strata nearly at right angles to 
he dip. The following is in general their nature, as observed 
n half a dozen openings. The conglomerate with a gentle dip 
8 traversed by vertical joints, two of which parallel to each 
)ther, and from two to seven feet apart, are filled with threads of 
^.Ibertite, occasionally enlarging to bunches an inch thick. Be- 
tween them are branching threads of the same material, joining 
he lateral seams at various angles. I think there are no 
)ranches upon the outside walls. The whole field reminds one 
>f an area of tin veins. Like the others, this vein-field leans 
ilightly southward. It will be interesting to watch the develop- 
nent of these veins to see whether they will develop like the 
ybert. Their persistency and ability to cut through the strata 
•ender them worthy of attention. But no one ought to expect 
o discover a large vein till the threads have been followed down 
o the subjacent shale. The surface at the Albert mine is more 
han a hundred feet lower geologically than the bottom of the 
Sast Albert shaft where the coal is nearly six inches wide. 

I think the following conclusions may be drawn legitimately 
rom the foregoing and kindred facts. ^ ^ 
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1. The Albert coal occurs in true cutting veins, not in sedimentary 
beds like ordinary coal, 

2. The Albert coal was originally in a liquid state, vms injectei 
into vertical fissures^ and subsequently Jmrdened into a substance fie- 
sembling jet. The liquid may have been derived from vegetable 
accumulations, or possibly in part from the abundant ichthyic 
remains in the shales. Whether the shales were originally oily, 
as now, and the fissures subsequently filled with a viscid fluid 
derived from them, or whether the charging of the fissures im- 
parted an inflammable character to the rock, I will not conjecture, 
though it is easy to satisfy one's own mind. The cavities of the 
Albert coal occasionally hold liquid petroleum, and those in the 
adjacent shales more often. A few quarts of petroleum have 
been brought up from borings along the line of both the Albertite 
veins on the east side of the Petitcodiac. With the hardening, 
the hydro-carbonaceous liquid received oxygen into its compo- 
sition. 

3. The Albert coal must be compared with the asphaltic and bitur 
minous veins found in the Quebec group in Canada, It there "fills 
veins and fissures in the limestones, shales, sandstones, and even 
in the trap rocks which traverse these." " In other cases, it fills 
fissures several inches in diameter, so that it has been mistaken 
for coal, and attempts have been made to work it at Quebec and 
elsewhere. The mineral is never, however, in true beds like 
coal, but is always confined to veins and fissures which cut the 
strata." " The matter is of a shining black color, very brittle, 
breaking into irregular fragments with a conchoidal fracture." 
(Qeol Canada,) The Quebec coal is like the Albert in the small 
amount of the ashes, but contains more carbon. 

4. These carbonaceous veins are analogous to veins of petrolsim* 
The borings for petroleum in Ohio and Western Virginia are most 
successful along lines of fracture, particularly an anticlinal axis. 
The description of the chasm filled with oil would undoubtedly 
be given in words similar to those used respecting the Albert 
vein, if we could sink shafts and drive on the course. The views 
of Prof Andrews in this Journal, ([2] xxxii, 85,) respecting the 
location of petroleum, are very just, and show that it often occurs 
along anticlinal faults. The immense yield of many oil-wells 
certainly suggests the presence of more than the "horse-cavities" 
filled with the liquid.' 

5. The carbonaceous veins, such as the Albert coal, Canadiaa 
asphalt and liquid petroleum, while possessing many character- 
istics of metallic lodes, will be found to differ from them in some 

• A valuable paper, by T. S. Hunt, in this Journal, [2] mv, IS'Z, 1863, iipoi 
Bitumens, etc., presents the general conclusions stated above. His data were derifel 
both from analysis of mineral combustibles and explorations in petroleum districts. 

Sir William Logan meBtioBs the occurrence of petroleum springs for twenty 
miles along a fold in the stratification in Gasp6 in 1644. J. P. Lesley has describes 
a 4^ertical vein of asphaltic coal, precisely like the Albert, in Ritchie Co., W. Va. 
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tespects. These particulars will be ascertained fully by the im- 
mense enterprise now manifested in sinking for petroleum. We 
can anticipate differences in respect to the limited depth, little 
variations of thickness at intersections, irregular yield, and ori- 
gin of the carbonaceous veins. A proper knowledge of them 
may lead to some modification of terms in our definitions. 

87 Park Bow, New York, Jan. 28, 1866. 



Art. XXXIII. — Detection of the adulteration of Essential Oils 
with Oil of Turpentine by the Saccharimeter ; by Dr. JuLlUS 
Maier, Assistant in the School of Mines, Columbia Coll., N. Y. 

The essential oils, especially the expensive ones, are mostly 
adulterated with oil of turpentine. It is often difficult to detect 
this adulteration, especially when the adulterated oil gives simi- 
lar reactions with oil of turpentine. 

With the saccharimeter it is possible not only to detect the 
adulteration but even to find out the quantity of oil of turpen- 
tine mixed with the other essential oils. A large number of oils, 
particularly those belonging to the camphenes, the carbon of 
whicb is in the proportion of 5 to 8 to their hydrogen, have an 
action on the polarized light, deviating the light either to the 
right or the left hand side. These optical researches have been 
made by Biot, Soubeiran, Capitaine, Gladstone and Berthelot, in 
order to establish the constitution of the camphenes. I made 
some researches to detect the adulteration of the essential oil 
with the oil of turpentine. 

For that purpose, a chemically pure oil of lemon which I had 
prepared myself, was tested in a saccharimeter, the tube of which 
was 200°»™ long. 

^ The deviation was +137°-296 for the middle yellow ray. The 
oil of turpentine, used for the research, prepared by myself, had 
a specific gravity of 0*865 and gave a deviation of — 73°*185. 
A mixture of equal volumes of both these oils showed a devia- 
tion of +80^-65. The calculation gives a deviation of +S2°-081 
in the following manner : 

\ vol. oil of lemon = + 68-648 

\ vol. oil of turpentine = — 36'667 

1 vol. mixture = +32**-081 

A mixture of 2 vol. oil of lemon with one vol. oil of turpen- 
tine gave a deviation of +65°-34:; from the calculation results a 
deviation of +67°*152, as follows: 

f vol. oil of lemon = +91*'-631 
I vol. oil of turpentine z= — 24*''379 

1 vol mixture =:-V"0l**-15^ 
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I made the same researches with pure oil of juniper, which I 
had prepared myself, and arrived at the following results: 

- The oil used for the experiment had a specific gravity of 
0*858 and showed a deviation of — 5°-970. The oil of turpen- 
tine employed was the same as in the above mentioned experi- 
ment A mixture of equal volumes of oil of juniper and oil of 
turpentine showed a deviation of —40° 'Si; the calculation gives 
a deviation of — 39°'553 as follows: 

■J- vol. oil of juniper =— 2°'985 
I vol. oil of turpentine = — 36*^-568 

1 vol. mixture =:— 39°*653 

From this it is proved that the Quantity of the adulterating 
oil of turpentine can be detected tnrough the medium of the 
saccharimeter. But if the essential oil is adulterated not only 
with oil of turpentine but also with another optically active oil, 
the saccharimeter test is of no value. In order to find out the 
quantity of the adulterating oil of turpentine from the deviation 
showed by the oil of turpentine, by the adulterated oil, and by 
the mixture, the numbers of deviation have to be brought in 
reference to a common distinct starting point. This starting 
point generally is the power of rotation, that is the deviation of 
the respective oil as calculated for a tube of 100™"* length, and a 
specific gravity of 1. This power of rotation, the worth of which 
is generally expressed by [x ], is the following for : 

Oil of turpentine r oc] = — 42''-275. 
Oil of lemon [ a] =4-80°-673. 
Oil of juniper [ocJ=- 3°-4'79. 

The quantity of oil of turpentine employed for the adultera- 
tion, is calculated as follows : 

■a the power of rotation of the pure oil., 
b " " " " " " oil of turpentine, 
c " " " " « " mixture. 
m " quantity " " " 

X " " " " adulterating oil of turpentine. 

The quantity of the pure oil as contained in the mixture is 
=m—a, and the power of rotation of this quantity is =(m— a;)a; 
the power of rotation of the oil of turpentine =— 6cc, and the 
power of rotation of the whole quantity of mixture =mc] 
hence results the following equation : 

(m — a;)a — 6 a; iz: m c 
fna^»cix~-'bx z=.7nc 
m a-^mcz^oL x-^h x 

^lA=zx 
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show this calculation by an example, the power of rotation 
posed to be — 

of the pure oil of lemon = + 80°*578 
" " " " turpentine = — 40°-276 
" " mixture =-fl8*''70 

le quantity of the mixture = 20 c. cm. 

(20-a:) 80-673— 40-276a; =20X18*70 
7611-46 — 80-673a;—70-275a;= 374 

1237-46 = 122-848a? 
100 =«. 

5 mixture contains equal parts of the pure oil and the adal- 
3g oil of turpentine. 

Optical behavior of several essential oils. 



Tested oil. 


Specific 
gravity. 


Power of 
rotation. 


Observer. 


absiuth, 


0-973 


+ 20°-67 


■^ 


orange blossoms, 






Soubeiran 


product, 


0-835 


4-127^43 


> & 


)range blossoms, 






Oapitaine. 


nd product, 


0-837 


-| 


-126*»-69 




bergamot, 


0'850(?) 


- 


- 29°-28 


Biot. 


bergamot, first 








luct, 


0-850 


+ 49°-396 


) Soubeiran 


bergamot, last 






\ .*. 


luct. 


0-877 


— 6**-673 


) Oapitaine. 


caraway seed, 


0-897 


- ll°-7 


Maier. 


lemon, 


0-848 


- 


- 80''-484 


Biot. 


lemon. 


0-852 


- 


- 80°-673 


Maier. 


lemon, (Grasse,) 








product, 


0-844 


+ 79''-749 


> 


lemon, (Grasse,) 








product. 


0-853 


- 


- 78°-156 




lemon, rectified, 
copaiva balsam. 


0-854 
0-881 


- 


- 80''-916 

- 34''-18 


Soubeiran 
> and 
Oapitaine. 


copaiva balsam, 
ra,) 


0-898 


- 28*'-663 


cubebs. 


0-929 


- 40''-169 




jubebs, free from 








3r, 


0-914 


- 39**-40 




elemi, 


0-852 


- 90*^-30 


Deville. 


juniper, 


0-855 


-. 3''-621 


Soubeiran k Oapitaine. 


uniper. 


0-858 


- 8*^-479 


Maier. 


turpentine, 


0-8722(?) 


- 39*'-950 


Biot. 


turpentine, 


0-860 


* 43*'-38 


Soubeiran k Oapitaine. 


turpentine, 


0-865 


- 


- 42«»-26 


Maier. 



dstone (Chem. Soc. Jour., [2], ii, 1,) has given a more corn- 
table on the power of rotation of most of the essential oils, 
^searches were restricted to the few above mentioned. 
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The "fall" of a moon is the distance it has fallen toward the 
planet in virtue of the resisting ether. That this fall corresponds 
to the age, mass and density of the different moons has been 
shown in our previous article. (This Journal, xxxvii, 45.) 

The calculation of t from the observed distances gives for tlie 
2d, 3d and 4th, respectively, '907, 1*92, and 2*94, which only 
deviate by '09, '08 and '06 from the theoretical values 1, 2 and 
8 ; and all values being too small shows that these moons are 
correspondingly nearer the primary, having approached so much 
on account of the etherial resistance. 

B. The lunar world of Saturn 

is next in age, hence not quite so regular as that of Jupiter. 
We find that (38) represents the distances of the eight moons if 
the constants are 

a«=4+0-35X2S (65) 

as will be seen from the foUomi^^ table; 
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Art. XXXIV. — Introduction to the Mathematical Principles of the j 
Nebular 2%eory, or Planetohgy ; by GuSTAVU& HiNBlCHS, Pro- 
fessor of Physics and Chemistry, Iowa State University. 

(Concluded from p. 160.) 

§ 14. Tlte Lunar Distances, 

As Kepler's third law was deduced from thfe planetary orbits 
alone, so was the law of Titius. But it was shown to be a con- 
sequence of the law of universal gravitation, and therefore itself 
universal and applicable to any system — hence, also to the lunar 
systems. Now tne law of Titius, as modified above, has been 
found to be identical with the equality of the intervals of time in 
the history of any system. Therefore, also, this law (38) must 
apply to the lunar systems. This we now will show. 

A, The Lunar System of Jupiter, 

The Jovial World is the youngest of those great lunar systems 
that adorn the exterior planets. (This Journal, xxxvii, p. 45.) 
Therefore, it is the most regular yet of any, and oar law (38) 
must very closely harmonize with the actual distances of Jupi- 
ter's moons. It is easily found that 7=2, again, as for the 
planetary distances; and that o=4 and |9=3 radii of Jupiter, 
Thus (38) is for the Jovial World, 





atz 


=4 + 3X2^ 


• • • • 


. . . (64) 






Distance. 






t. 


Calculated. 


Obserred. 


Fall. 


I. 





7 


6049 


•961 


II. 


1 


10 


9-623 


•377 


III. 


2 


16 


15-350 


•660 


IV. 


3 


28 


26-998 


1-002 
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Distance. 
Moon. Calculated. Obeerved. Difference. 

I. Mimas, . . 435 8*4 +-95 

II. Enceladus, . . 4'70 4-3 -f*^^ 

IIL Tethys, . . 6-4 54 -0 

IV. Dione, . . 68 6-8 -0 

V. Rhea, . . .9*6 96 -0 

VI. Titan, . .16-2 22.2 ^I'O 

VII. Hyperion; . .26-4 28-0? -1-6? 

VIIL Japetus, . . 48-8 64-0 — 16-2 

Excepting for a moment the 6th and 8th moon, we see but 
mall differences; Mimas and Enceladus being too near Saturn, 
ppear to have but very small mass, which conclusion is strength- 
sned by the fact that it required Herschel's great telescope to 
liscover them (1789). The next three almost exactly harmonize 
vith this law ; they are, therefore, not only larger than the first 
wo, but also mucli alike. They were discovered by Cassini, 
irst the fifth (Rhea)* in 1672, and later (1684) Tethys and 
iione. As the latter were discovered by the same observer, the 
lifference in date is, perhaps, alone due to the greater nearness 
o the disk of the primary. Hyperion is even lower than any, 
ind, therefore, smaller than even the interior ones. This is con- 
irmed by its discovery, which was not made till 1848, by Bond 
md Lassell. But the sixth. Titan, and the eighth, Japetus, are 
nuch farther distant than (66) gives; thus proving them to have 
nuch more considerable mass (or rather v (37) is less, which in 
jeneral will be the case if the mass is greater). This is fully 
jonfirmed by the date of discovery: Titan being the first dis- 
jovered of all, (by Huyghens, 1655), and Japetus the second, (by 
Dassini, 1671). These estimates of the masses are further cor- 
•oborated by Humboldt,* who calls Titan " the largest of all 
cnown secondary planets." Compare another theoretical esti- 
nate, (this Journal, xxxvii, 46), leading to the same results. 

C. The lunar st/slem of UraniLS 

s exceedingly important on account of the plane and direction 
)f its motions. We have tried to show that this very position 
iflFords one of the most conclusive confirmations of the nebular 
;heory. (This Journal, xxxvii, 50.) Here we will consider 
ihe arrangement of the individual members of the system. 

We know it to be the oldest, because it is the most distant 
lystem of which we have definite knowledge. The original dis- 
ances and the original harmony of these distances is therefore 
lere most deranged. We cannot even with any degree of cer- 
ainty consider the moons to be now iu the samQ order of sue- 

* Co9mo9, i, Harper's edit., p. 96. 
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cession as at first. At the same time, observation has as yet 
hardly determined the number, much less the exact distance of 
the different mix)ns. Therefore, we give the following more for 
the sake of completeness than with the view of adding any im- 
portant confirmations of our law. 

We have seen that the nearest luminaries may be equi-dis« 
tant, and that the farthest may succeed at distances that form a 
geometrical progression- -see (61) and (63). If the distances, as 
given by Herschel, and the times of revolution, as given by 
Lassell,'"are exact, we may represent the distance of the first six 
moons by 

at=7-5+3^ (66) 

corresponding to (62), and the distance of the sixth, seventh and 
eighth by 

0^=05.2'-^, (67) 

corresponding to (61). 

Distance. 
Calculated. < 

Moon T=7-6-|-0X 3 = 7-5 

11=7-5 + 1 X 3 =:l0-6 

III=7-6+2X 3 =13-6 

IV=7-6+3X 3 =16-5 

V=7-6+4X 3 =:19-5 

VI=7-6-|-6X 3 =22-6 

VII= 2X22-6=46-0 

VIII= 4X22-5=900 

If these observed distances really are correct, then this re- 
markable discontinuity will enable us to determine the lunar 
masses long before observation can ascertain them. 

D. Conclusion, 

The lunar system of the Earthy consisting of but one moon 
and that of Neptune^ which comprehends one or two, cannot, or 
do not afford any chance to test our law. But we have seen that 
the systems of Jupiter and Saturn fully confirm our law (88), if 
due regard is had to the individual mass and volumd— or 
density and radius — of the several moons. Even the system of 
Uranus, as far as known, does not deviate from it except in so 
far as it offers the two extreme limits of the law, probably on 
accountof the high age and a close similarity between the massea 
of the first six moons. 

Therefore we may say that as far as observation on the lunar 
systems goes it is embodied in our law (38), or in every lunar 
system t/ie consecutive moons were formed at equal intervals of time, 

^ See Schweigger in Astronomisdie Nachricbten, No. 88 2» Beilage. 



«enred. 


Difference. 


7-6 


•0 


10-5 


•0 


131 


+ -^ 


17-0 


- -5 


19-8 


- -3 


22-7 


- -2 


45-5 


- -5 


91-0 


-1-0 
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§ 15. Thf incommenaurahility of (lie periodic timtB, 

By the third law of Kepler we have, if T/ and T// are the 
periodic times of two planets, 



i=& 



(68) 
or by (88), 

T.-iH^?7J' ^'^^ 

which expression will not generally make T|/ and Tr commensur- 
able. Thus we sec that our law accounts for another important 
K>ndition of stability of the system, (see § 8, 1). 

But as the distances are continually decreasing, and at differ- 
snt rates, (this Journal, xxxvii, 41, gives the numerical values 
»f these rates), we perceive that in time such commensurabilUy 
may take place between any two planets.* Such is actually the 
case between Jupiter and Saturn, as discovered by Laplace. 

The distances were (see § 13) for Jupiter a, = 520, for Saturn 
a, == 1000, giving for (68) the continued fraction 2(1, 1, 2 . . ) 
having the approximations, 

2 3 5 13 

r 1' 2' T * • * 

or T g : T, approached originally to 5 : 2 ; now it is very nearly so. 
For Venus and the Earth the original distances 70 and 100 
give the approximations, 

1 2 6 12 29 

1' ? 2' *7' T7 • • • 

whilst Airy has found the commensurability 13 : 8 or nearly our 
29: 17 [13:8=29:17-8]. 

In the lunar systems such commensurability is common ; and 
it is for the satellites of Jupiter that Laplace demonstrated^ the 
great proposition, if such commensurability exists but approxima- 
tively it will become exact in time. 

Having seen that the change in distance produced by resist- 
ance will make the ratio approach commensurability, it therefore, 
as we stated before, will become rigorously so. 

From (68) we find easily that the ratio will be 2 if the dis- 

3 

tances are in the ratio of 2^ : 1, or (by continued fractions) as 
the approximative fractions, 

1 2 3 8 _l^9 27 

P V 2' ? 72' 17' • • • 

• 

' Grant {History of Phytieal Attronomy, London, 1862, p. 93,) stnteg that the 
libration of tlie jovial moons is *' independent of the effects of a resisting medium/' 
ueariing that it will ho preserved notwitlistanding such medium. This is probablv 
I mistake, for it would depend upon the relative magnitude of the resistance ancl 
Jie perturbation. 

* M6c. C^L, vol. vili, Ch. yl, § 1 5. We express the proposiUou ia more ^^^rL^rsi iett^%« 
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For Jupiter's satellites we have a, =16, a , =10, or a, : a , =8 : 5; 
and a J : a ^^10: 7=8: 5*6, therefore we find the periodic time 
of the second moon twice that of the first, T,= 2T^, and the 
periodic time of the third twice that of the second, T,=2Ti; 
nence Laplace's famous relation between the mean motions, 

71^+2713=871,. 

In the system of Saturn similar relations obtain. At first we 
had (see § 14, B) for the distance of Tethys (III) and Mimas (1) 
the ratio 64 : 44=8 : 6'6, while the duplication of the periodic 
times requires the ratio 8 : 5. But Mimas has approached Saturn 
the most, and thus this proportion (now 5*4 : 3*4=8 : 5*04) has 
been brought about. 

For the fourth and second we had originally, Dione : Encela- 
dus=6*8 : 4'7=8 : 5*5, or likewise sufficiently near 8 : 5 that the 
duplication of the periodic time should become almost rigorous.* 

The lunar world of Uranus is particularly noted for such 
duplication?, from the fact that Schweigger, as early as 1814, on 
such grounds predicted the existence and gave the orbits of the 
two innermost moons of Uranus, which were discovered by Las- 
sell in 1851. The coincidence is very remarkable, as will be 
seen from the following:* 

Schweigger, 1814. Lassell, 1851. 
Uranus, I moon, - - . 2*1 767 days, 2*^117 days. 
II - - 4-3634 " 4-1445 " 

and the IV (or II of Herschel) having a period of 8*7068 days 
approximates to the further duplication of the periodic times. 
Also the period of III is about half the IV period, the former 
being 6-8926 days, the latter 10-9611. 

Taking only the first two decimals we find by means of con- 
tinued fractions the following approximations : 

„ , . 441 1 2 3 5 28 33 

"'^^"' 2M=??2'?17'20'^"- 

IV -n" ^-? 1^ ^ 12 ^ etc 

441"" 1' 9' 10' 10' 29' ^^^ 

*T «TTT.. 1096 1 2 13 93 199 

V *• III " — _ _ Ptr» 

689 -1' 1' 7' 50' 107' ^^''• 

thus proving that only the fourth (Herschel II) and second 
(Lassell II) have periodic times nearly in the ratio of 2 to 1. 

The other instances adduced by Schweigger, and especially 
the first, do not seem to have any claim to be considered as real 
duplications. Still it is evident that the configuration of Ibe 
Uranian-system is such sis approaches to simple ratios between 
the periodic times ; and if the perturbating force arising here- 

• Herschel, Outlines of Agronomy, § 650. 

• Schweigger ; Ueber die Auffiodung der crstea Uranustrabanten durcb LasseE 
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from is greater than the effect of resistance, these ratios and ihe 
corresponding configuration would become permanent. It is 
not improbable tiiat an analysis of the lunar system of HerscheVs 
planet will throw much light on the future configuration of the 
solar world by ascertaining the exact relation between perlurba- 
tion in commensurable revolutions brought about by resistance 
and the continued influence of the latter force on such commen- 
Burable motions. 

Though this latter question cannot at present be fully answered, 
we have proved in this paragraph that not only the general in- 
commensurability of the periodic times ensuring the stability of 
the system, but also the deviations therefrom are accounted for 
by our law {38). 

§ 16. History of ihe Sohr System. 

Believing that we have, in the preceding pages, brought forth 
some further arguments in favor of the nebular hypothesis, we 
may be permitted in a very few words to sketch the grand his- 
tory of the material universe as it is seen in the light of this 
theory. The philosophers of old called Man a Microcosmos — 
we compare the Universe, the Macrocosmos, to man, thereby in- 
timating that as Man has a parentage, growth and decay, i. e., a 
history^ so has the Macrocosmos. 

The history of the material world may be divided into four 
periods or ages, corresponding to those given in a note to §6. 
(Compare Guyot's views in Dana's Geology — chapter on ''Cos- 
mogony"). 

In the beginning God created the heavens and Vie earth. And 
the earth was without Jorm and void, and darkness was upon the 
face of the deep. And the spirit of God moved upon the face 
of the waters. {Genesis^ I, 1, 2). 

The material universe was created not in its present form, but 
without form ; it was void and dark ; but the spirit of God per- 
vaded it, and planned it such that his All-Foresight, or Provi- 
dence, might also be manifest in the material world. This is 
really the Creation — it is merely stated, not described, for it is 
inconceivable to mortal understanding. It is too awful, our 
mind is lost in reflecting thereon; hence the divine writer 
merely mentions it at the beginning, and, to give fullness to his 
picture and adapt himself to our understanding, describes the 
first three great ages as real creative acts, though mere conse- 
quences of the unfathomable word given in the first verse of 
Genesis. We believe that the first five verses of Genesis have 
never before been fully understood in their deepest sense. We 
shall in the sequel keep constantly before our eyes both this, the 
revealed History of ihe Cosmos, and science, deduced fiom the rev* 
elation we have in the present form of nature. 
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Since Genesis merely states that the universe (i. e. heaven and 
earth) was formless^ void of any organized being and dark^ it is 
science alone that can give us any idea of the constitution of the 
universe as it came from the hands of the Creator. But as 
science is progressive, our ideas of the primeval condition of the 
Cosmos must progress correspondingly, or rather with advancing 
science our eye pierces farther and farther back into the dark 
past, approaches more and more to the mysterious and almighty 
'*Fiat. As these approaching steps represent greater and 
greater series of ages, we infer that thei'Ya^ lies infinitely far be- 
hind us, and can never be reached by human thought. We ex- 
perience in regard to the age of Cosmos by penetrating farther 
and farther into the dark past with our spiritual eye, the same 
that we feel in piercing, by means of more and more powerful 
telescopes, farther and farther into the world-filled abyss of 
space. Here, if looking through a giant telescope we lind oar- 
selves surrounded by a boundless space filled with the wondera 
of the Creator ; and if ardently searching in the existing docu- 
ments of nature for records of her past, we behold infinity also 
here, the infinity of time, eternity^ teeming with wonders no less 
astounding. The beautiful poem of Schiller, "rf/e Orosseder 
Welt,'^ is true both as to the extensioa and the duration of the 
World. 

The ancients most frequently thought that the world left the 
hands of the Creator in the shape it now is. Even Newton him- 
self was unable to see farther back. To him the Creator was bat 
a tinker, forming his wheeling globes and wheeling them arouni 
their axis, putting them one by one and one by one to their 
very place in his clockwork — to him an unorganized machine to 
run on and on forever in the same shape. But Huyghens, and 
Newton himself, by discovering the generic cause of the figure 
of the earth aimed the first blow at this base idea, which never- 
theless has found its advocates even to the present hour, especially 
among theologians. The corner-stone being broken out of the 
system it has been crumbling down. Geology has restored the 
lost history of the earth, and the nebular theory has traced this 
earth to the sun as her mother. Thus creation was now identi- 
cal with the productions of the rotating mass of matter, i. e., of 
the chemical elements. 

We have attempted to show that both rotation and the ele- 
ments come from the forces wherewith the one matter (UrstofF) 
was endowed (see § 6). It is highly interesting to see how the 
first verse of Genesis has been understood bv scientific men. It 
will at the same time more clearly set forth what we implied 
above when saying that science is approaching to the true orig- 
inal condition of Cosmos by making steps representing longer 
and longer periods of time. 
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"In the beginning God created the heaven and the earth" 
means according to 

Newton, 1686: a direct, immediate creation of every globe as it 

is now. 
Huyghens, Hutton, and modern Geologists : a direct creation of 

the heavenly globes tis fiery masses, circulating in the system 

as they do now. 
Kant, 1756, Laplace (later) : a direct creation of a rotating mass 

of chemical elements ; giving rise to the planetary system. 
We, in 1854, conceived this rotating mass of elements to be the 

product of a created nebula consi.stingof buto?2c single elemenl. 

We will now contemplate the different ages manifest in the 
development of this Urstoff. 

First Day or Age. — The atoms of "Urstoff" combine — light 
(and heat) and the chemical ekmenis result, 'l^he mere production 
of light would not entitle it to be considered one of the days of 
creaiion; but light is by the divine writer taken as a type to 
represent itself, and the less obvious, though much more import- 
ant, chemical elements. It was not so much the light as the for- 
mation of the elements, the basis of modern physical science, 
"which characterized the first day. We think that a rotation was 
also produced hereby. (This Journal, 1864, vol. xxxvii, p. 52.) 

Second Day or Age. — Formation of the planetary orbs with their 
satellites. — The nebula developed itself into a great number of 
similar planetary nebulae, which again gave birth to similar lu- 
nar nebulae. Thus we see here the simplest kind of *' life," re- 
production by division, as exhibited by many plants, and even 
animals, which to distinguish them as such from inanimate mat- 
ter, have another mode of reproduction besides. The planets 
represent the children, the moons the grandchildren of the sun. 

I7iird Day or Age — The fiery balls resulting from this subdi- 
vision cool down and are shaped, as Geology has ascertained in 
relation to our own earth. 

The Fourth Age of the inorganic era is the present. We have 
shown that the further characteristic of life, namely, death, is 
not restricted to the crrganic but is participated in by inor^nio 
nature (this Journal, [2], xxxvii, 56). As every breath of our 
lungs is a differential of decay — so every rotation of the earth 
giving us the enjoyments of another day, and every revolution 
charming us with the succession of the seasons, brings oar own 
mother earth nearer to her grave.' 

^ We beg the scientific reader's pardon fur these paragraphs, which do not be- 
lonff to this place. But we felt it urgent to say at least this much, as some, eren 
to-day, are apt to base the cry of ** heretic,** ** infidel," etc^ on any such deviation 
from the beaten path in their dogmas. The nebuUir hypothesis has richly particiiMi- 
ied in the abuse neaped in its day on the Copemicao system, and on some leadiag 
doctrines of geology. Even yesterday, I found, in one of the leading religious 
qnarterlie?, Laplace called an " atheistic dreamer** I We wrote this paragraph as a 
protest against such imputations. 
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§ 17. Conclusion. 

The principal results arrived at in this paper are 
1st, A simple mechanical theory of spiral nehuhe, 
2d, A more accurate determination of the orbits; and above all, 
8d, The discovery of the true law of the planetary and lunar 
distances, 

4th, The determination of the periodic times as a function of 
the distances — or borrowing this third Law of Kepler from the 
theory of gravitation, we have therein almost a theoretical de- 
monstration of the equality of the intervals. 

As (38) what we have repeatedly called " our law" is very 
much like Bode's, or rather Titius's, law, we apprehend that the 
propriety of thus naming (38) will be doubted. To set this point 
m clear light we refer to a similar, though undoubtedly grander, 
case in the history of science. 

The law of Titius was exclusively derived from observatioB. 
It is empirical, as is the third law of Kepler. It is, moreover, 
not exact, neither in its general form nor in its numerical resulta 
But neither is the famous law of Kepler exact, though, on ac- 
count of the different circumstances connected herewith, this 
latter law agrees better with the numerical data of observatioB 
than Titius's law. 

Newton discovered the true form of Kepler's law by deducing 
it from a higher law, that of universal gravitation. Instead <h 
Kepler s form, C being the same constant for all planets, 

J»=:C, . .... (70) 

Newton found that the true law is 

fA being the constant of gravitation, hence the same for all plan- 
ets; hence, 

Cx(M + m). . . . (72) 

That is, Kepler's constant C is proportional to the sum of the 
mass M of the sun and the mass m of the planet. By farther 
analysis it is found that C even is dependent on all the masses 
and distances in the system. 

So also in our case. We have given the true expression of 
Titius's law by extending it to Mercury and have accounted for 
the deviations of nature from the law, by demonstrating that it 
is a necessary consequence of the higher law, viz: t/ie intervak 
between tJie abandonment of the different orbs of the same system art 
equal (see § 13). Now t/ds is what we claim as our law. As Newtoa 
deduced and corrected Kepler's law by his law of equal gravida^ 
tion^ so we have deduced and corrected the law of Titios by our 
law of equal intervals. 
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We referred to (38) as our " law" because it is a consequence of 
our law, and certainly our formula ; we did not intend to oblit» 
erate the merit of Titius, as will be seen wherever we have men- 
tioned his name. 

There is yet another circumstance which makes our demon- 
stration of the law of planetary distances so importatit. It is 
the touchstone of the nebular theory ; for as this ascribes the 
formation of the planets to the slow descent of cosmical matter 
to its center, it has to be proved that such descent will give 
exactly the actual system. Already Plato held that' "the mo- 
tion of the planets is such as if they had been all created by 
God in some region very remote from our system, and let fall 
from thence toward the sun, their falling motion being turned 
aside into a transverse one whenever they arrived at their sev- 
eral orbits." Galileo was the first who subjected this *' concetto 
f>latonico" as he calls it to a numerical calculation based upon the 
aws of falling bodies as discovered by him. He finds an admir- 
able harmony between his calculations and the actual velocities 
and distances as they were known at his time.* Next after him, 
Newton took the matter in hand, and in his third letter to Dr. 
Bentley he gives as his result, that it is impossible to account for 
the configuration of the system in the manner of Plato and Gal- 
ileo. This result is based upon his assumption of a vacuum. 
By taking the influence of a resisting medium into account, we 
have proved that the Platonic idea as embodied in the nebular 
hypotnesis does lead to the present configuration of the solar 
world. We make these remarks to show that the idea we advo- 
cate is old and venerable ; we hope, at some other time, to give 
the highly interesting history of the law of planetary distances, 
including the application of the Phyllotaxis, (Pierce, Agassiz,) 
the radius of gyration, (Kirkwood,) the regular polyhedra, 
(Kepler, Plato,) etc. 

How grand and beautiful is the harmony of the planetary 
world 1 What an admirable unity of plan is manifested therein ! 
As now the planets are slowly sinking to the sun, so they have 
aiways been sinking since the moment of their creation as a neb- 
ulous mass ; the same motion that now brings them nearer to 
their death has caused their formation, has brought them to life 1 
And how sublime is the plan of creation I To call forth the 
harmonious system of the solar world with all its multiform as- 
pects and dependencies fit to support life throughout almost end- 
less ages — nothing but a collection of matter endowed with its 

^ Brewster, Life of Newton, Ch. 16. 

* Dialogo intorno ai due masaimi Sisterni del Mondot Tdlemeico e Copermetmo* 
Gjomata I, (ed. Opere, Fireuze, 1842. Vol. i, p. 84-85.) He finds: le grandezse 
dm oerclij, e le yelociti del moti s'accostaDO tanto prossimamente a quel cue ne daa- 
no i computi, che ^ cosa maravigliosa. 

Am. Joub. Sci.— Second Series, Vol. XXXIX, Ko. 117.— Mat, 1885. 
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molecular forces was placed in a little spot of the house that con- 
tains many mansions besides. This matter slowly collected to- 
gether, in thus following the force of attraction planted in it 
by eternal love, the whole great life of the solar world was 
awaked ; and as the pulsation of the heart in man indicates the 
fleeting moments of his life, so the pulsations of that great whole, 
succeeding each other at equal intervals, gave each one birth to 
a new world to mark the historic epochs of the Universe by its 
position and to roll on for ages, a revelation of the Great Au- 
thor, until, always following the same attractive force, it in death 
finds rest at the bosom of the planet-mother, the sun. And 
then — this grand system remains as a mere lump, a Cosmic FosnL, 
suspended in space, where perchance some higher being may 
meet with it, touch it, investigate it, and construct its whole past 
history, as the geologist in our days studies the history of a 
fossil shell ! 

Iowa City, Iowa, July — November, 1864. 



Art. XXXV. — Tlie determination of the height of Auroral Archa 
Jrom observations at one place ; by H. A. Newton. 

In the displays of the Aurora Borealis the luminous cloud 
often takes the form of an arch. Sometimes the lower boundary 
of the auroral light is arch-shaped. Beneath is a dark segment, 
while perhaps streamers run upward from the mass of light 
Again, there is sometimes a bank of light in the north, resting 
apparently on the horizon. The upper boundary of this hank 
forms a more or less regular arch. Again, there is sometimes a 
narrow band or bow of light, spanning the heavens, coming 
down to within two or three degrees of the horizon at each ex- 
tremity, having one or both of its edges sharply defined, and 
being often only two or three degrees in breadth. 

The arch in each of these three cases may be incomplete, <» 
broken, or otherwise irregular. But there is a manifest tendency 
to form a regular curve. This curve, that is, the boundary 
line of the arch, or the axis of the bow, is rarely, if ever, an 
arc of a great circle. It cuts the horizon at points notably Icsa 
than 180° from each other. It has apparently the same law rf 
formation in each of the three cases. Its peculiar shape is there- 
fore probably due to a single cause. 

There is no reason to believe that each observer sees a diffe^ 
ent arch, just as each sees his own rainbow. There is no center 
of light beneath the arch, and moreover a decided parallax is 
very frequently found. The curve of the auroral arch has then 
a definite locus in the atmosphere. 
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This curve is not caused by mists in the atmosphere obscuring 
and revealing parts of an indefinite cloud. For the arch has 
little or no relation to the horizon, and cuts it at all angles. 

It is not a straight line, for the arch does not cut the horizon 
at points 180° from each other. 

The arch resembles the projection of a portion of a circle, or 
a sphero-conic. The venerable Hansteen has in two instances 
seen at Christiana nearly the whole ellipse. Prof. Twining has 
observed, at Middlebury, Vt., in one instance at least, an arch in 
which the extremities of the major axis of the ellipse were vis- 
ible above the horizon. 

It is reasonable to infer that, in general, the locus of the 
light is parallel to the earth's surface. For the arch has the same 
general form at all places, as will be seen in the diagrams of 
Mai ran and others. 

This leads naturally to the hypothesis of Hansteen,* that the 
auroral arch is a real ring, which in its normal form is parallel 
to the earth's surface, and is symmetrically placed about the mag- 
netic pole. The dark segment is seen when we look beneath the 
ring into space beyond. The bank of auroral light is a similar 
broader or more distant ring. 

The results of Prof. Loomis's investigations respecting the 
geographical distribution of the aurora" confirm and modify this 
conclusion. He shows that there is a narrow belt of an ellipti- 
cal form surrounding the magnetic and astronomical poles of the 
earth, and at a considerable distance from them, which is the re- 
gion of the greatest and most frequent displays of the aurora. 
It is reasonable to infer that an aurora of considerable intensity 
would naturally take a form symmetrical with this narrow belt 
of the earth's surface. The portion of the curve which we see 
at any instant should be regarded as part of a circle whose cen- 
ter is the center of curvature of the nearest portion of this belt. 

To obtain the parallax of the auroral cloud, observations at 
two distant stations have been necessary. These have to be 
made upon a moving object, the time of whose appearance can- 
not be predicted. It is only by a happy chance that good ol> 
servations can be secured. If the height can be computed from 
m*easures made at a single station, a great advantage is gained^ 
A second observer is not essential, if the position and shape of 
the auroral cloud is assunied to be as described above. 

The distance on the earth's surface from the observer to the 
center of curvature of the nearest portion of the belt of frequent 
auroral displays can be measured. Eepresent this by d. Let 
the apparent altitude of the auroral arch be A, and its amplitude 
on the horizon be 2a. Let x be the height of the auroral cloud 

' Mdtnoires de rAcad^mie Royale de Bruxelles, tome xx, p. 118. See also 
B. v. Marsh, this Journal [2], xxxi, 811. 
* Thii Journal [2], xxx, 89. 
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from the earth, E the earth's radius, b the distance from the ob- 
server to the point on the earth directly under that part of the 
cloud which forms the vertex of the arch, and c the distance in 
like manner from the observer to the point underneath that part 
of the arch seen in the horizon. We have then these equations, 

R-[-a?=R8ecc=RcosA8ec(6+A); .... (1) 

and since c?, d—b, and c, are the three sides of a spherical tri- 
angle, and a the angle, 

cos(<f— 6)=cos(f cosc-|-8in(f sinccosa (2) 

From these equations 6 and c may be eliminated, and x found 
in terms of a, d^ h, and E. 

From (1) cos(6+A)z=cosA cose, and hence 

cos (rf — 6)=:coa j d-\'h — {b-\'h) ^ 

=co8 {d'\-h) coe {b-\-h) -J- sin {d-^h ) sin {b-^h) 

= cos {d'\-h) cos h cos c-f- si n (c?-f- A) ( 1 — cos® A cos® c)* (3) 

Equating (2) and (3) and dividing by cose, 

cos (/-[-sin d tan c cos a=cos((/-[-^)cos A-|-8in(c?-[-A)(sec®c— cos^A)-'. (4) 

But cos d=cos{d+h)Qos A+sin(c?+A)sin A. Substituting, divid- 
ing by sin(d+A) and placing sing) for sin(2cosacosec(S+A) we 
have , 

sin A-f-tan c sin g)=(sec®c— cos®A)', 

Reducing, tan c=z2sin h sin q> sec®g). 

Hence, to compute the altitude of the auroral arch above the 
earth's surface, we have the three equations, 

sin 9= sin <f cos a cosec (d-^h), 

tan c 1= 2sin h sin g> sec^<Pf 

and a:=R(8ecc — 1). 

To apply these observations to particular cases I have selected 
25 or 30 auroral arches, observed by Pres. Stiles, Prof. Olmsted, 
Mr. Herrick, and Mr. Bradley, They were all observed at New 
Haven, except those in the year 1860, which were seen by Mr. 
Bradley at Chicago. Most of these observations are from the 
Auroral Eegisters of Mr. Herrick and Mr. Bradley. These Reg- 
isters will form part of a volume of memoirs about to be pub- 
lished by the Conn. Acad, of Arts and Sciences. The value of 
d is assumed to be 32^, which is also' very nearly the distance 
from New Haven to the magnetic pole of the earth. In the fol- 
lowing table are given the dates of the auroras, the observed 
apparent altitudes and amplitudes of the arches, and the com- 
puted values of x in miles, and in kilometers. 

In selecting from the Eegisters the arches for this table, I have 
omitted those which were low in the north, as the horizontal ex- 
tent is then concealed by the mists. I have also omitted those 
of which the observationa viete vxidefiiiite^ or seemed imperfect. 
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Thble of the observed altitude* and ampUtttdea of auroral areheSf with the computed 

heights above the earth's surface. 



Date. 


Altitude. 


Amplitude. 


Heigiit ia 
inilefl. 


Heigiit in 
kilometera. 


Obiorver. 


March 27, 1781 


o 
66^ 


o 
165 


83 


53 


Stiles. 


Sept. 21, 1840 


10-12 


120 


52-68 


84-109 


Herrick. 


March 6, 1843 


5-8 


100 


42-83 


67-1JJ3 


t( 


April 13,1845 


8 


100 


83 


133 


u 


April 27, " 


10 


90± 


155 


250 


a 


Oct. 9. *' 


8 


100 


83 


133 


Bradley. 


Oct. 19, 1846 


8-10 


80± 


165-214 


266-345 


M 


Dec 9, " 


5 


50 


281 


462 


Herrick. 


May 15. 1847 


7-8 


80 


142-165 


228-266 


u 


June 12, " 


5 


50 


281 


452 


u 


Aug. 4, " 


4 


60 


154 


248 


Bradley. 


U « (( 


7 


90 


98 


158 


« 


Sept 29, *' 


10 


70-80 


290-214 


467-846 


Herrick. 


Nov. 25, " 


10-15 


100 


111-183 


179-295 


u 


May 18, 1848 


7-9 


75± 


168-222 


270-368 


It 


Oct. 23, " 


5-6 


70 


134-165 


216-266 


Bradley. 
Herrick. 


March 18, 1849 


10-16 


100 


111-183 


179-295 


April 6, 1860 


10-12 


90 


156-193 


250-310 


Bradley. 


Feb. 18. 1851 


23 


120-130 


164-104 


248-168 


M 


March 18, '« 


12 


120 


68 


109 


Olmsted. 


Sept. 29, " 


8 


90 


118 


190 


li 


Sept. 29.1852 


10-15 


100 


111-188 


179-295 


Herrick. 


March 26, 1860 


6± 


90± 


80 


129 


Bradley. 


March 27, ** 


10 


90-100 


165-111 


250-179 


u 


July 4. « 


10-12 


100-h 


111-140 


179-226 


u 


Aug. 12, '* 


5 


90± 


62 


100 


u 


U «« (( 


7 


90± 


98 


158 


u 


Aug. 17, " 


8 


100± 


83 


133 


u 



The average height as indicated by the table is 134 miles, or 
215 kilometers. The observations were not taken with refer- 
ence to the use here made of them, and the results can there- 
fore be regarded as only approximately correct. Mr. Bradley 
informs me that his method of determining the amplitude of the 
aurora] arch was to place himself with his face directly towards 
one end, and then compare the amplitude with the arc of 90*^, 
which was easily estimated. He was accustomed to consider, the 
curve of the arch as continued down until it cut the horizon. 

This method of determining the height of the auroral arch is 
imperfect in that it supposes for it a given regular form. In fact 
the auroral cloud is usually more or less irregular. Yet in view 
of the very great difficulties in securing good observations for 

Sarallax at two stations, the method is believed to possess very 
ecided value, both independently, and as a check upon other 
measurements. It furnishes moreover the means of determining 
not only the magnitude of the auroral cloud, but also the 
breadth and height of the streamers which often rise from the 
arch-shaped mass of light. 

Yale College, March 18tb, 1865. 
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Abt. XXXVI. — On the Iron Ores of Marquette^ Michigan; by 

J. P. Kimball, Ph.D. 

It is proposed in the present article to record a few observa- 
tions made, in the month of May last, in the Iron region of 
Marquette county, Michigan, with the view of elucidating ce^ 
tain obscure points in the geology of the immense beds of earthy 
red hematite, specular and magnetic iron ores, with which this 
district abounds to an unparalleled extent, constituting it beyond 
any doubt the most opulent source of iron in the world yet dis- 
covered. It was not ray privilege carefully to explore this re- 
gion beyond a limited district near the middle. I am therefore 
unable to add any information as to the geographical extent of 
the iron deposits to the published results of Foster & Whitney's 
survey. Indeed, the following contribution to the knowledge of 
this region is chiefly by way of observation of the instructive 
rock-cuttings in the iron mines, or rather quarries, and in one 
particular cutting of the Peninsula Eailroad, all of which have 
been presented to geological study since the close of the govern- 
ment survey ; and, inasmuch as neither population nor industry 
has advanced beyond these quarries, no other advantage to the 
geologist at present exists over the means of exploration em- 
ployed by the United States geologists at that time. It is ap- 
propriate to remark in this connection that it must certainly be a 
cause of great regret to all friends of natural science and mineral 
industry in this country, that the federal government has omitted 
to publish the special report upon the Marquette Iron Region by 
Mr. J. D. Whitney, the results of a second geological exploration. 

In their survey of that portion of the large area of the North- 
west exclusively occupied by schistose, metamorphic and crystal- 
line rocks, which is included in the northern peninsula of Michi- 
gan, Messrs. Foster & Whitney in 1851 marked out the out- 
lines of two distinct systems of crystalline rocks, one of which 
was defined as metamorphic, their Azoic proper; while the 
other, distinguished as a great development of granitic rocks 
outstretching in separated expanses, was described under the 
name of granite belts or ranges. The relation to each other of 
these two systems was hardly traced to conclusiveness owing to 
the concealment of their conditions of contact; but the latter 
was assigned to an origin later than the Azoic series upon the 
testimony of disturbances of the upper metamorphic strata by 
intrusive masses of the granite, and earlier than the Silurian, as the 
lower beds of the Potsdam sandstone are seen to rest undis- 
turbed around them.* The distribution of the Azoic and gran- 

' Report OD the Geol. of the Lake Superior Land District, Part II, 1861, 44-48. 
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ite rocks, as laid down by the federal geologists, is presented in 
their map of the district between Keweenaw Bay and Chocolate 
River, to which refefrence can readily be had without encum- 
bering these pages with a verbal recital. 

The metamorphic or Azoic rocks, consisting of gneiss, horn- 
blendic, talcose aud chloritic slates, and beds of argillite, no- 
vaculite, quartzite, conglomerate, saccharoidal marble and crys- 
talline limestone, were described as existing under conditions of 
great displacement, and displaying evidences of metamorphism, 
particularly in vicinity to the line of contact with the granite 
or igneous outburst. The occurrence of gifmite within the area 
of their distribution was recognized in the form of intrusive 
masses, while the greenstones and some of the schists, both fol- 
lowing the general stratification, were regarded as trappean 
overflows, the former as an igneous product, the latter as pul- 
verulent greenstone in the form of volcanic mud. The iron- 
ores of this series of rocks were described as alternating with 
the trappean ridges in the form of intrusive masses, and the re- 
maining phenomena of their dissemination in many rocks of the 
series, were ascribed to processes of elimination and mechanical 
admixture prevalent during the accumulation of the original 
sediments. This explanation was believed to meet the mode of 
occurrence of the larger masses, which, at the time it was pro- 
posed, had not been extensively uncovered, and manifestly, as 
appears in the concluding paragraph of the chapter on iron-ores,* 
was not meant to be extended to beds of specular and magnetic 
oxyds of iron included within metamorphic strata, with a con- 
formable range and dip, which indeed the federal geologists ex- 
plicitly state their disposition to regard as the result of aqueous 
deposition. 

The granite belts were defined in general terms to occupy an 
area of more than 2000 square miles, and, within the boundaries 
of Michigan, to be developed in two distinct ranges or spurs, of 
which the northern, including the Huron Mountains, forms the 
coast between Presqu'isle and Granite Point, and expands west- 
ward to a width of 25 miles. Along its southern intersection 
with the metamorphic series — its longest direction — it is laid 
down as continuous for sixty miles. It is separated by a zone 
of metamorphic rocks of some fifteen miles in width, which em- 
braces the present iron industry of the region, from the southern 
belt, which is of very irregular outline, though nearly parallel 
for a distance of 36 miles along its northern intersection with 
the metamorphic belt. The large expanse of crystalline rocks 
occupying the undeveloped tract of the northern part of Wis- 
consin; stretching across the head waters of the Mississippi to 

' Foster & Whitney, ibid, 68. 
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the north and west of Lake Superior, was considered by the 
federal geologists to be the continuation of these granite belts. 
The granite was described as forming numerous parallel ridges 
bearing east and west, and in both belts to indicate leading axes 
of elevation. Gneiss was observed to flank the granite both on 
the north and south with intercalated beds of quartzite, potasb, 
feldspar and hornblendic schists, the whole dipping uniformly 
from the axes of elevation. Hornblende sometimes was seen to 
replace mica, forming a light grey syenite. The granite south 
of the metamorphic belt is generally made up of feldspar and 
quartz, mica being %lmost always wanting, or very sparingly 
present. Feldspar is the most predominating mineral, large 
bodies of flesh-red orthoclase being of common occurrence. Two 
systems of dykes, and extensive intrusive masses of greenstone 
— the larger of a bearing uniform with the axes of elevation, 
the smaller being N.E. and S.W. — were indicated as occurring 
throughout the distribution of both belts. These are intersected 
by veins of quartz.* 

A most engaging, and, at the same time, a very wide field of 
inquiry, is presented to geologists in addressing their attention 
to the ancient crystalline rocks of the Northwest, with the ob- 
ject of resolving the distinctive distribution of the Laurentian 
and Huronian series. 

Although no detailed description of the crystalline rocks of 
the northern peninsula of Michigan has been given, so far as I 
am aware, since the close of the survey of the Lake Superior 
Land District, a noticeable disposition prevails among geologists 
to assign to the metamorphic strata, distinguished by Messrs. 
Foster & Whitney as Azoic, an equivalency with the Huronian 
series of Canada.* Such a tendency appears to be due to the 
investigations upon the south shore of Lake Superior of Mr. 
Alexander Murray, of the Canada Geological Survey,* the 
results of which have been employed by the provincial geolo- 
gists in their comparative study of the crystalline rocks of 
Canada and its bordering districts. 

The lines of demarcation between the Azoic strata and the 
granite, as laid down by the Land District Survey, appear to 
have been determined by the succession of beds rather than 
upon any evidence of unconformability. Orthoclasic gneiss, 
succeeded by alternating beds of quartzite and hornblendic 
slates, flanks the granite as it falls away from its axes of eleva- 
tion, and the points at which these have been observed to be 
succeeded by argillaceous, chlorite, and talcose schists, and beds 
of conglomerate, afford the only clue to the boundaries of the 

• Foster & Whitney; ibid, chap. iii. 

• Geol. of Canada. 66, 696 ; Dana's Manual of Geology, 14S. 

• This Journal, [2], xxxi, 894. 
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two systems of rock, thus far presented. It has not been claimed 
for the information upon the geological structure of the region 
in question, that the relation of the Azoic series with the granite 
ranges, has been established by sufficient or definite data. This 
must continue to remain an open question until it is decided by 
patient and careful observations, facilitated by the development 
of the district, which, up to within a short period, was almost 
unvisited by white men, and still presents formidable physical 
obstructions to the work of geological exploration, scarcely less 
in degree to those experienced by the Land District Survey, 
and explained in the report of Messrs. Foster & Whitney. The 
recent direction of attention to the Silver-lead region, so-called, 
or the Huron Mountains, has served somewhat to open this ob- 
scure region during the past summer, by the laying out of 
roads, and the commencement of mining operations. Although 
the district has been pretty thoroughly explored during the past 
season in a spirit of mining adventure, it has engaged no partic- 
ular study with a view to scientific results. It is proper to state, 
however, that upon the evidence of explorers and collections, 
obtained at Marquette, the metamorphic character of the North- 
em range is demonstrated by numerous instances brought to my 
notice, of the extensive development in that region of ortho- 
clasic gneiss — often granitoid, quartzite, massive feldspars, tal- 
cose, hornblende and chlorite slates, seams of graphite and mag- 
netic iron ore. My own observations in the Iron region im- 
pressing me with tne indigenous character of the larger masses 
of diorite and granite represented within the defined area of the 
metamorphic strata, and their entire distinctness from intrusive 
dykes or erupted masses, and concurring in the recognition of 
these strata by Mr. Murray as Huronian, I am disposed to regard 
the entire region as of metamorphic character, all of whose lar- 
ger masses of crystalline rocks are indigenous, and to be divisible 
into the two formations, Laurentian and Huronian : the former 
formation probably forming the surface of the areas known as 
the granite ranges, while the latter probably occupies, with mi- 
nor deviations, the limits laid down for the crystalline schists 
comprehended under the name of Azoic. 

This view is fortified by the fact that the Huronian or Azoic 
series is interposed between the granite or Laurentian rocks and 
the Potsdam sandstone, thus bringing the Laurentian in its prop- 
er place below the Huronian ; while the only argument milita- 
ting against it is the observation by Mr. S. W. Hill, of intrusive 
granite at one point cutting the slates near their southern line of 
intersection with the main granite, whence is derived the infer- 
ence that the slates antedate the granite. The indigenous char- 
acter of the greater part of the granite, however, throughout its 

Am. Jour. Sci.— Second Sxsim, Vol. XXXIX, No. 117.— Mat, 1865. 
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general distribution, connected with the fkct of its coextensiye 
association with metamorphic sedimentary strata, tends in this 
instance to invest the intrusive granite with characters distinct 
from those of its greater development, and to impart to it the 
special phenomena of an independent dyke. Apart from the 
evidence of superposition, the lithological features of the Gran- 
ite Belts, so far as they have been indicated, bear a marked anal- 
ogy with the standard characters of the Laurentian series as de- 
termined in Canada and upon the north shore of Lake Superior. 

In a private letter from Mr. T. Sterry Hunt, acquainting me 
with some of the unpublished leading results of Mr. Murray's 
examinations upon the south shore, I am informed that this geol- 
ogist, whose opportunities for comparison cannot be too highly 
appreciated, describes the islands and some points on the main 
land north and northwest of Presqu'isle as of Laurentian gneiss 
with hornblende, epidote, and pyroxene, arriving at this conclu- 
sion through the observation to the south of these points of the 
greenish slates, greenstone, dolomitic limestones and conglome- 
rates, associated with the beds of iron ore, and their relations to 
the gneiss. This latter series he judges to be the equivalent. of 
the Lower slate conglomerate, or chloritic slates, at the base of 
the Huronian system, regarding them here as retaining nearly* 
the same relative conditions as upon Lake Huron where the dol- 
omite marks the division between the Upper and Lower slate 
conglomerates. 

The gneiss which marks the boundary of the granite belts, 
and accordingly characterizes the top of the Laurentian series 
in this region, the same as it is elsewhere represented, is suc- 
ceeded by dark colored hornblendic schists, which consequently 
represent the base of the Azoic or Huronian series. These 
schists are followed by a series of augitic rocks and schists, in- 
terstratified with magnesian hydrous rocks and slates, the two 
kinds of rocks being represented on the one hand by hyper- 
sthene, pyroxene, and bedded diorite passing into dioritic slates, 
and on the other by talcose and chloritic schists. The former 
character of rocks prevails to such an extent as to impart to 
the lower members of the Huronian series a distinctive augitic 
aspect. The several rocks composing this augitic zone are com- 
monly of a greenish color, and vary in this respect chiefly as to 
shade^ resembling in this particular the Lower slate conglome- 
rate which marks the base of the series in Canada, and from 
which they seem to diflfer only in the absence of pebbles and 
boulders from the subjacent Laurentian rocks, which there form 
a distinguishing feature. Messrs. Poster & Whitney, however, 
describe as occurring upon Little Presqu'isle a pure white feld- 
spar containing acicular crystals of hornblende, passing into sep- 
arate beds of each of these component minerals, and enclosing 
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angular fragments of hornblende and chlorite slates, jasper and 
a green magnesian mineral.* It seems not unlikely that this 
rock in its farther distribution may possess more decidedly the 
characters of a conglomerate, and accordingly the more closely 
bear out the lithological analogy between the lower members of 
the Huronian series near Marquette, and their well ascertained 
characters north of the great lakes. 

The hornblendic beds are succeeded by thick beds of pure 
quartzite displaying ripple marks, passing into quartziferous con- 
glomerate on the one hand and siliceous slates on the other. 
The more massive beds of this description form a prominent 
feature of the country through their outcrop in an east and west 
ridge traversing the middle of the Azoic or Huronian area. 
They dip at high angles to the south, though numerous less ele- 
vated beds dip to the north. They are associated with greenish 
hornblendic slates and more or less crystalline diorite, and at 
their base with bands of dolomite somewhat siliceous and highly 
altered. Overlying this quartz zone, the probable equivalent of 
the Upper slate conglomerate of the North Shore, occur tal- 
cose, argillaceous and siliceous schists interstratified with specu- 
lar iron ore, earthy red hematite and specular conglomerates, the 
latter resting immediately upon thick masses of hornblende rock 
blending into bedded diorite and hyperite on the one hand, and 
on the other into chlorite schists, and siliceous serpentines. At 
some points a dark colored quartzite resembling greisen except 
in the presence of hornblende instead of mica, and clearly of 
detrital origin, next underlies the ore beds. 

Possessing the same stratigraphical conditions as the schistose 
rocks, while many varieties of them are represented in the 
schists by their exact counterpart as to composition, the crystal- 
line Huronian rocks must be regarded as essentially metamor- 
phic, while in a comprehensive view of the whole series it is 
seen that together with variable conditions of deposit, it indicates 
variable degrees of local metamorphism.^ Plentiful evidence 
exists of the blending of a rock of one character into that of the 
other, or the continuity between crystallized and schistose beds. 
The diorites and hyperites of this region are never porphyritic, 
but on the contrary are so fine-grained as rarely to admit of the 
mechanical separation, or even the identification of their in- 
gredients. 

Besides the indigenous crystalline rocks distributed through- 
out the Huronian series, exotic or intrusive crystalline rocks are 
Diet with, but only in the form of dykes, and limited to a nar- 
row distribution. The numerous elevated protu'berances and 
ridges iof granitoid gneiss, rising above the uppermost Huronian 

• Foster <fe Whitney's Report, ii, p. 18. 

■^ Compare {"oster ^ W'bitoej's lieport, iS, X^, 
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scbists which rest upon their flanks apparently unaffected except 
by the regular convolutions of the entire series, are undoubtedly 
of Laurentian age. Two systems of greenstone dykes, accord* 
ing to Mr. Hill, as cited by Messrs. Foster & Whitney, traverse 
the gneiss — the one bearing N. from 70° to 80° W. — ^the other. 
N. 10° E., and the same authorities have noticed many instances 
of the intersection of the schists by intrusive granite, especially 
near the borders of the granite ranges.* Not having enjoyed 
the opportunity of following Mr. ffiU's notes, I am unable to 
confirm these observations ; but it may not be inappropriate to 
suggest the probability that the larger and more persistent bodies 
of greenstone bearing approximately east and west — ^tbat is con- 
formably with the axes of the folds which constitute a regular 
system of flexures coextensive with the distribution of the Hu- 
ronian series in the vicinity of Marquette, are in reality indigen- 
ous greenstone, and a portion of the development of the diorite 
upon which repose the upper members of the series, and which, 
as will hereafter be shown, is uncovered along most of the ridges 
of the region. Ko instances of trappean overflows in this^region 
have been brought to notice. Quartz veins, sometimes carrying 
the sulphurets of copper, lead, and iron, are of frequent occur- 
rence, occupying fissures evidently of an extensive vertical 
range. Workable veins of copper pyrites have recently been 
discovered. This is another point of agreement between the 
features of the Huronian series as developed in this district, and 
upon the north * shore of Lake Huron, where copper-bearing 
veins are frequent, of which those of the Bruce, Wellington and 
Wallace mines are well known examples. 

It is urged by Prof. Eivot of Paris, that the crystalline and 
schistose rocks south of Keweenaw Bay entirely correspond with 
the rocks of Keweenaw Point; for he asserts the syenite of the 
Bohemian Mts. to be equivalent to the Granite Ranges, or to the 
granite of the Huron Mts. ; and the metamorphic schists of the 
Marquette district to be the stratigrapical equivalents of the in- 
tercalated greenstones, amygdaloids, sandstones and conglomer- 
ates, known as the Upper copper-bearing series, or the Quebec 
Group. Mr. Rivot thus distinguishes between the general char- 
acters of the rocks composing the Bohemian Mts. and the ove^ 
lying series of beds, and believes to have discovered in the for- 
mer, which he regards as erupted, the source of the elevation 
and displacement of the latter, which he regards as more or less 
completely metamorphosed sediments.* 

Not to discuss at present the peculiar notions of Mr. Rivot, it 
will be well to advert very brieny to certain remarkable miscon- 
ceptions upon which they are based. First : There seems to be 

" Foster & Whitney's Report, ii, 44. 

'• Rivot, Notioe sur le lac Sup6rieur— Extrait des AoDales dea Mines, x, p. 60. 
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no evidence in support of Mr. Eivot's assumption that the green- 
stones associated with the hornblendic schists of the Marquette 
district are, like the copper-bearing rocks of Keweenaw Point, 
" traversed by veins containing copper and native silver." On 
the contrary, the vein phenomena of the crystalline schists form- 
ing the Azoic belt of Marquette county, are decidedly character- 
istic of the Huronian series, the lodes of which carrv the sul- 
phurets of copper unaccompanied by silver, and are altogether 
without the distinctive properties of the native copper lodes of 
Keweenaw Point. Second : The Paleozoic strata among which 
the greenstones of Keweenaw Point are intercalated conformably, 
and within the sectional development of which they are included, 
rest unconformably upon the crystalline schists of the Marquette 
district, and hence the stratigraphical identity between the rocks 
of these two districts, inferred by Mr. Eivot, is clearly out of the 

Suestion. Third : The diflference between the rocks composing 
le Bohemian Mts. and the superincumbent series is one merely 
of special lithological characters, and not one of general struc- 
ture as assumed by Mr. Rivot. The syenite of Mt. Houghton 
has recently been found by Mr. W. H. Stevens, of Copper 
Harbor, to be intercalated upon the Reliance location with sev- 
eral massive beds of sandstone, conglomerate dnd amygdaloid, 
thus establishing uniform conditions of composition and struc- 
ture to prevail tnroughout the entire series of the north-dipping 
copper-bearing rocks of the South shore. 

Mr. Bivot was one of the first to assert the metamorphic char- 
acter of the greenstones of the Marquette district, and, upon 
grounds of structural analogy alone, opposed the geneiilly re- 
ceived opinion that the bedded syenites, aiorites, dolerites, chlo- 
ritic, zeolitic and epidotic amygdaloids, and so-called traps of 
the copper-bearing series, are erupted masses, having originated 
from successive overflows during the accumulation of the Paleo- 
zoic sediments in a horizontal position. Notwithstanding the strat- 
igraphical arrangement of this series upon the South shore en- 
tirely bears out the theory of their metamorphic origin, certain 
observations of the Geological Survey of Canada upon the North 
shore tend to strengthen the view advanced by Messrs. Foster 
& Whitney." If the explanation of trappean overflows on 
Thunder Bay, resting upon the authority of Sir William Logan, 
be confirmed by future investigation, the North shore must be 
regarded as the geological type of the Lake Superior country, 
and the absence of similar phenomena upon the South shore at- 
tributed to efiects of denudation. If, on the other hand, the 
trappean overflows of Thunder Bay be found disconnected with 
the lower traps of the Upper copper-bearing series, but be as- 
certained really to belong to the system of dykes which traverse 

'* Geol. Sui-vey of Canada, p. '70. 
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this series on the North shore, and which have no connterparts 
in Michigan, it will remain for special lithological investigation 
to complete the evidence of the metamorphic origin of the Up- 
per copper-bearing rocks of Lake Superior on the grounds of 
analogy with the conditions of their development in Canada. 
That the question has been left open by the Canadian geologists, 
is apparent from the fact that the stratified greenstones of this 
series, in a chapter by Mr. T. Sterry Hunt, are described as the 
stratigraphical and lithological equivalents of the diorites of the 
Quebec Group examined by him in Eastern Canada, which he 
asserts to be altered sediments, and to pass into chloritic, epidotic, 
and hornblendic slates." 

Allusion has already been made to the regularity of the flex- 
ures of the Huronian strata in the Marquette district, and to the 
general parallelism, and approximate east and west bearings of 
their axes. This regularity prevails throughout the Iron region 
proper, of which the hills and valleys conform to the resulting 
system of undulations — thus corresponding to anticlinal and 
synclinal arches and basins. The distance from one axis to the 
next of the same character varies from one half of a mile to one 
mile. Departures from the uniformity of direction occur at dif- 
ferent points, but they may generally be directly traced to local 
causes of displacement. The plications in the strata which thns 
impart to the district its topographical configuration, have been 
subjected to powerful agencies of denudation, and, consequently, 
by the unequal operation of these agencies, are more or less im- 
perfectly preserved. Hence their regularity is less superficial 
than stratigraphical ; for while through the general denudation 
of the district, in common with the larger portion of the conti- 
nent, by glacial action, the original surface of the rocks has been 
Demoved in a comparatively even manner, local agencies of ero- 
sion and excavation have served to break the continuity of ridges, 
and entirely to obliterate prominent outcrops over considerable 
areas. 

Of the various indications of drift agencies with which this 
region abounds, the rounded and polished rocks or ^^roches mou- 
tonnees,^^ and the glacial furrows which these surfaces retain, are 
the most frequent and instructive. It is almost impossible to 
meet v^ith an outcropping rock whose character is such as to re- 
sist weathering influences, the surface of which does not exhibit 
one or the other, or both of these appearances. The course of 
the glacial grooves is invariably N. from 50'' to 70° E., quarter- 
ing with the direction of the valleys. Two, and not seldom 
three, systems of furrows can be traced, varying however but 
few degrees and quite. alike as to distinctness. The rounded, 
polished and grooved surfaces are seen upon the flanks of the 

" Geol. Survey of Canada, pp. 612, 614. 
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ridges, as well as upon their summits, and are invariably revealed 
by the removal from the surface of a rock of the alluvium and 
glacial drift by which it has been eflfectually protected. It is only 
in the outcrop of nssile schists that these appearances are want- 
ing. The dense vegetation and the undisturbed covering of 
drift, aided by the deep snows of winter, almost entirely prevent 
the weathering of the rocks, so that the phenomena of glacial 
action are exhibited in this region in uncommon perfection. 
Fragments of rock occurring near by in situ, and boulders of 
specular iron are scattered throughout the drift, which here gen- 
erally in fact appears to be made up of material derived from 
the immediate region, as seen especially in the circumstance that 
it is exceedingly ferruginous, while the source of the iron as a 
local detritus is evidenced by its exclusive presence as anhydrous 
sesquioxyd. Foreign boulders of gneiss occur however, consid- 
erable in size and number within limited areas of distribution. 

The position of the beds of specular iron ore has already been 
stated to be at the top of the Huronian series as developed in 
the Marquette region, and it has also been remarked that they 
are interstratified with talcose and argillaceous schists. Sharing 
the plications of the entire series, these specular schists, as they 
may properly be called, are accordingly folded into synclinal ba- 
sins and anticlinal crests — of which tne axes in the case of the 
former lie belo'w drainage, in the bottom of the valleys, and in 
the case of the latter are commonly obliterated through the ero- 
sion of elevated outcrops. Hence their outliers havel^een chiefly 
preserved along the flanks of the ridges where they have been 
the least exposed to the agencies of denudation, protected as they 
were against a drift current coursing not with the valleys but 
obliquely across them, by the elevated outcrops of their under- 
lying rocks from the summits of which however they have been 
abraded. The denudation has been most extensive upon the 
purer specular schists and the earthy red hematites, while the 
only exceptions to these conditions of erosion and preservation 
as already given, occur with specular schists which acquire from 
their composition a refractory structure, or from their mode of 
deposit, the property of resisting the effects of a sweeping de- 
nudation. 

The bosses of specular-iron — the iron-knobs or mountains, as 
they are called — are the most striking examples of exception to 
the general effects of denudation already noticed. They are in- 
stances of the preservation of the anticlinal crest, and owe their 
permanence to the fact that they are made up, not of pure and 
soft specular schists, but of specular iron ore closely interlami- 
nated with quartz or jasper — a structure capable of resisting de- 
nuding action to a far greater degree than the homogeneous 
schists. The laminae of jasper alternating with pure specular 
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iron ore, vary in thickness from a hair's breadth to an inch, pro- 
ducing a banded appearance. The fact that the entire mass is 
highly contorted into minute as well as sizeable folds, famishes 
an explanation of a power of resistance to vicissitudes of erosion, 
superadded to the same property which it derives from the mere 
presence of intermingled jaspery bands. The conglomeratic 
beds of specular iron ore and jasper, are generally preserved in 
elevated outliers, acquiring a refractory character from their 
coarse and tenacious structure, but I have met with no -instance 
of the preservation of the anticlinal crest in beds of this de- 
scription. 

In Section 26, T. 47 N., E. 27 W., an example of a preserved 
anticlinal crest occurs in a ridge of half a mile in length and 170 
feet in height. The specular iron-ore at the surface displays a 
laminated and contorted structure into which enter thin lamin» 
of quartz, and although the mass in itself is not so substantial as 
the exterior of the Cleveland Knob, its attending conditions of 
deposit impart to it similar refractory properties. In this region, 
as elsewhere, denudation may be noticed to have had less eflfect 
upon those stratified rocks which present to its agencies their 
planes of stratification, than upon those which are highly inclined. 
Hence it wiil be observed that the more extensive the sweep of 
the undulations the more complete is the preservation of the 
specular iron-ore which in the form of schists enters into them. 

The most conclusive indications of the stratigraphical condi- 
tions which prevail among the hematite schists in Marquette 
county up to this time exhibited, are disclosed by the cutting of 
the Peninsula Eailroad in the N.E. quarter of Section 8, T. 47 
N., E. 26 W., to which allusion was made in the first part of this 
article. The grade of the railroad has been laid in an excava- 
tion 600 feet long and sunk 25 feet below the highest point upon 
the surface of a hill which derives its configuration from a boss 
of hematite schists intercalated with argillite. Thus the cutting 
presents an anticlinal section, as seen in the accompanying wood- 
cut. The lower strata penetrated are preserved in an unimpaired 






anticlinal crest, while the arch of the upper, sharing the general 
denudation of the district, has been abraded with the preserva- 
tion onljy of the deflected dips of these strata. The schists are 
alternations of earthy red hematite and chloritic argillite, or the 
peculiar greenish slates, already described, both becoming gradu- 
ally reduced in an ascending order from comparatively heavy 
beds of two feet to thin latnmaa of a (quarter of an inch. The 
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power of resistance in the arch is strikingly illustrated ; for while 
the crest itself remains perfect, the same strata have been much 
disrupted and displaced as they pass out of the arch and change 
their curvature. The upper laminated portions are exceedingly 
wrinkled, and the heavy beds broken and doubled. Under these 
circumstances of displacement but one or two of the heavier 
beds of argillite are exhibited above the grade of the railroad ; 
and while these, through scales or plates retain marks of strati- 
fication so as to expose their true character, they have been 
sharply folded and collapsed, and by their nearly vertical posi- 
tion have the appearance of intrusive masses. The central por- 
tion of the cutting — that is, the undisrupted strata — is traversed 
by a system of parallel joints which the disrupted portions are 
without. Several segregated veins of quartz with limonite oc- 
cupy the divisional planes of stratification. 

Other sectional cuttings in the several mines or quarries dis- 
play more or less completely the stratification and undulations 
of the hematites in common with the Huronian schists of this 
region, and show conclusively, if further testimony were requisite, 
the existence of the iron ore under the same conditions of de- 
posit and secondary modification as the schists with which they 
are associated. In the Jackson mine, for instance, occur two 
bosses or short anticlinal folds, while in the Lake Superior mine 
a perfect synclinal flexure is exhibited. 

Beds of specular conglomerate are of frequent occurrence 
throughout the Iron region of Northern Micnigan, consisting 
of a paste of specular peroxyd of iron, through which are dis- 
seminated fragments of jasper, and rounded pebbles of specular 
iron ore which usually differ from the paste in texture, a differ- 
ence very perceptible among ores of any one class even within 
narrow limits of distribution. These conglomerates not unfre- 
quently resemble breccia in the angularity of the jasper frag- 
ments which they contain ; but the pebbles of specular peroxyd, 
although sometimes obscure in a matrix of the same material, 
commonly serve to indicate the detrital origin of these beds. 
That thev are derived from local detritus is evident from the 
fact that the jasper fragments are not rounded, while the particles 
of softer specular iron ore are worn but slightly. They seem to 
be of littoral formation and to have been derived from dismem- 
bered and crumbled deposits of successive laminae of jasper and 
iron ore — similar to those deposits distinguishable in the bosses 
of the region. The specular conglomerate invariably exists un- 
der circumstances of true bedding, and is traversed by parallel 
joints splitting the imbedded pebbles. It occurs interstratified 
with talcose and argillaceous schists quite as regularly as the 
homogeneous ores. As would naturally be expected, the specu- 
lar conglomerates, owing to their enduring composition, have re- 
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sisted erosion more eflfectually than the purer schists, and are 
preserved in elevated outliers, as seen particularly at the New 
ilngland mine, and in the N.W. quarter of Section 21, T. 47 K, 
E. 27 W. A specular conglomerate uncontaminated with any 
considerable portion of jasper, forms the bulk of the schists at 
present wrought by the Lake Superior mine. These are jointed 
obliquely, and are cleavable at right angles, to the stratification. 

Specular schist often occurs charged with detrital quartz, or 
sand, thus differing from the conglomerates only in its external 
properties, while it is analogous to them in attitude and actual 
composition. Schists of this description are intercalated with 
the conglomerates in Section 21 above noticed, and in Section 
26 of the same township are found underlying the laminated 
beds which crown the anticlinal arch. 

An estimation of the thickness of the ferriferous series is at- 
tended with no little difl&culty at present owing to the absence 
of any entire sectional cutting. The Jackson mine presents the 
best data for an opinion upon this point, although its workings 
expose neither the base, nor uppermost members of the series. It 
is upon the northern dip of a steep anticlinal, and the ground of 
the quarry is some 500 feet wide, the excavation having been 
entirely within the series. At this mine the range of thickness 
exceeds one thousand feet. Individual thicknesses of specular 
schist without the intervention of other schists, are upwards of 
150 feet. Some idea of the massiveness of a homogeneous bed 
of specular schist may be had from the fact that in the month of 
September last 3500 tons of workable ore were thrown down at 
this mine in one blast, for which 11 kegs of powder were used. 

It will be observed that while the smaller plications furnish 
the most available and complete evidences of the stratigraphical 
conditions of the ferriferous schists, every exposure of them in 
quarries or natural outcrops, conveys the same character of evi- 
dence, but upon a scale far more extended, and generally requir- 
ing allowance for superficial vicissitudes, and a large degree of 
denudation. Even if space permitted, I conceive it to be un- 
necessary to multiply instances of this evidence. It has been 
shown that the iron ores of the Huronian series in Michigan are 
essentially schists and heavy-bedded strata in which none of the 
phenomena of aqueous deposits formed by precipitation from 
water on the one hand, or by detrital accumulation on the other, 
are wanting. They exhibit not only stratification, anticlinal and 
synclinal folds, but are invariably traversed by systems of joints, 
and at many points exhibit a perfect slaty cleavage. 

The intimate connection between the greenstones, hornblende 
rocks, and aluminous and magnesian silicated schists of the fer- 
riferous series, has already been indicated in general terms, these 
rocks not only alternating with, but passing into, each other— a 
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conjunction commonly existing wherever bedded greenstones, 
and isolated silicates occur together as sedimentary products of 
the decomposition of compound silicated rocks. The peculiar 
green slates which have a large development in this series, are 
intermediate in composition between clay slate and hornblende 
slate, and together with the talcose and chloritic slates, with 
which they are interstratified, are probably products of such a 
decomposition in the wet way of the same crystalline sediments 
which entirely or less undecomposed have gone to form those 
greenstones which constitute members of the same series. Effer- 
vescence with acids of some of the green slates in common with 
many of the greenstones of the series, together with the presence 
of a large amount of lime and magnesia, was pointed out by 
Messrs. Foster & Whitney, as indicating the characters of a pul- 
verulent greenstone — the schalstein of German geologists." The 
presence of carbonate of lime in many of the schistose rocks 
of this region must be regarded as generally due to the decomr 
position of silicate of lime in the silicates of the primary crys- 
talline sediments whence they are derived, although in a few 
special instances it may have been derived by the subsequent 
conversion of greenstones intoschalstones, or by infiltration from 
superincumbent calcareous strata. Chemical reactions in crystal- 
line sediments resulting from the disintegration of crystalline sil- 
icated rocks, and operated upon by carbonated waters, are amply 
capable to have produced the lithological conditions of augitic 
rocks, clay-slates, schalstone, and other schists, together with 
the oxydized ores of iron intercalated with greenstone among 
the ancient crystalline rocks of North America as well as 
Europe — as shown by Bischof " in pronouncing the Neptunian 
characters of these rocks. From a stratigraphical point of view, 
while evidence is elsewhere often obscure, the Huronian green- 
stone, schists and iron ores of Northern Michigan, in the absence 
of close attention to their special chemical conditions, exhibit 
sedimentary and metamorphic phenomena adequate to render 
quite untenable, it is believed, the theory of the exotic character 
of any portion of them. 

New York, Dec. 19th, 1864. 

" Report of the Geology of the Lake Superior Land District, ii, IT, 93. 

" Bischof, Elements of Chemical and Physical Geology, London, 1S54-59, vol. 
ill, chap. 65. Volger, Studien zur Entwicklungs^^eochichte der Mineralien. Zurich, 
1854. 
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Art. XXXVII. — Astronomical Photograyhy ; by LEWIS M. 

Rutherfurd. 

My present observatory is a circular brick building of twenty 
feet internal diameter, with a light revolving roof supported on 
twelve wheels which are fixed to the stone coping of the walk 

The opening, two feet wide, extends from side to side with 
simple shutters, which, when elevated on the weather side, serve 
to prevent the wind from blowing into the observatory and 
shaking the telescope. Opening from the west side of the 
Equatorial dome is a small transit apartment with computing 
room attached. This observatory i« in the garden of the house 
where I reside. The transit is 189 feet N.W. from the Second 
Avenue, and 76 3 feet N.E. from Eleventh street. It was 
erected in the summer and autumn of the year 1856. The equa- 
torial, by Fitz, is a very substantial instrument, having circles 
divided on silver 18 and 20 inches in diameter. 

The objective is of 11 J inches aperture, and fourteen feet focal 
length, and was corrected for figure by myself after the methods 
and directions of Mr. Fitz. It is a fine glass, capable of show- 
ing any object which should be seen by a well corrected objec- 
tive of those dimensions. 

The observatory is low and therefore cannot reach any object 
near the horizon, but I prefer losing such observations to the 
tremors and expense of a high structure. 

The transit room has been used on several occasions by the 
U. S. Coast Survey in their telegraphic operations for longitude. 
It is 0\ 12'n. 15-47' E. of Washington, and in latitude 40°, 43', 
48'''63 ; the latitude being the result of observations with the 
zenith telescope upon twenty-four pairs of stars by the observ- 
ers of the Coast Survey. 

During the winter of 1857-58, Messrs. Alvan Clark & Sons 
constructed, and in the spring attached to the equatorial, a driv- 
ing clock of the highest merit. It has a remontoir escapement 
similar to that of Bond's spring governor. 

Having seen with great interest the photographic experiments 
conducted at the observatory of Harvard College, I determined, 
as soon as the clock should be in working order, to prosecute 
the subject of >celesti^ photography. After many experiments 
it was ascertained that the best photographic focus of the object- 
ive was about y\ of an inch outside the visual focus. I con- 
tinued making photographs of the moon and such stars as could 
be obtained, and although when compared with what had been 
done by others the results gave reason for satisfaction, yet in 
view of what was desirable and apparently attainable, astronom- 
ical photography with me was a failure. By reducing the aper- 
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ture of the telescope to five inches for the full moon, I was en- 
abled to produce negatives which would bear an enlargement to 
five inches or fifty diameters. An impression of a sixth magni- 
tude star was never obtained, y Virginis, then 8" distant, was 
the closest pair the duplicity of which could be measured on the 
collodion plate. The ring of Saturn and the belts of Jupiter 
were plainly visible, but entirely unsatisfactory. An image of 
Jupiter could be obtained in from 5 to 10 seconds exposure, but 
the satellites failed to impress the plate in any length of time. 
This was due to the uncorrected condition of the objective which 
diffused the violet rays over a large space, so that in the case 
of the planet each point of the picture was influenced not only 
by the ray due to that point, but by the stray beams from ad- 
joining portions of the object, and thus nearly the whole actinic 
force of the objective was gathered within the dimensions of the 
image. In the case of the satellite the lost rays were not re- 
placed by the wanderers from any adjacent point. 

During the summer of 1858 I combined my first stereograph 
of the moon, producing quite a satisfactory result with the low 
power of the stereoscope. I do not know when this was first 
done in England by Mr. DeLaEue, but with me the idea was 
an original one. 

My greatest success with an uncorrected objective was in the 
pictures of the sun taken with about one-fiftieth of a second ex- 
posure, with the aperture reduced to one inch. The negatives 
were four inches in diameter and exhibited the spots with rea- 
sonable sharpness, the manifest difference in light between the 
center and the edge, and under favorable circumstances the 
faculae. Some of the negatives verify the observation of M. 
Dawes, that the faculae are elevations. 

In June, 1860, the sun's disk was remarkably rich in spots, 
and I combined the pictures of two days to produce a stereograph, 
but the result was a failure and did not give the impression of a 
sphere, but presented the appearance of a flat uniform disk 
spanned by a spherical net-work which seemed entirely detached 
from the disk. This is attributable to a want of sufficient detail 
on the surface of the sun. 

During the year 1859 and for a long time I worked with com- 
binations of lenses to be inserted in the tube between the object- 
ive and the plate with the view of correcting the photographic 
ray. This attempt succeeded well so far as the center of the 
field was concerned, but it was impossible to produce a good 
correction over a space equal to the area of the image of the 
moon, without using a corrector of inconvenient si;le. 

In 1860 I prepared a telescope with camera and instantaneous 
apparatus mounted equatorially to send by the U. S. Coast Sur- 
vey Expedition to Labrador for the observation of the eclipse. 
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The objective in this case was a fine one, by Alvan Clark of 4^ 
inches aperture. A ring was placed between the crown and flint 
lenses of such a width that the best visual and photographic fod 
were united. For this purpose it was necessary to shorten the 
combined focus about one-twentieth of its former value. 

The pictures of the sun taken with this instrument were better 
than those made by my large telescope, in which no attempt had 
been made to correct the photographic rays. 

Being unable to accompany the expedition, I made a series of 
pictures of the eclipse at home, upon which are seen the nuclei 
and penumbras of the spots, the gradation of light of the sun*8 
disk, and the serrated edge of the moon projected upon the 
sun. They show, however, none of the fogging of the moon's 
surface, commented upon by other observers, nor a greater in- 
tensity of light at the points of contact between the sun and 
the moon, both these results are, when they occur, due, in my 
opinion, to photographic or optical causes, and not to any true 
astronomical phenomena of that nature. 

On examining the first negative of the eclipse I was struck 
by the difference of sharpness between the edge of the sun and 
that of the moon projected upon its disk. At first I was inclined 
to think that it was caused by a falling off in definition near the 
edge of the eye-piece used. In the next picture the edge of the 
sun was placed near the center of the field and the moon re- 
moved to a remote part of the plate, yet still the result was the 
same ; the sun's edge was soft and indefinite while that of the 
moon was hard and sharp, showing that the light from the two 
objects comes to us under different conditions ; in one case 
traversing the sun's atmosphere, in the other unaffected by this 
disturbing cause. 

In the autumn of 1861 I began to experiment with a reflect- 
ing telescope with silvered mirror, which recommended itself 
both by the simplicity and ease of its construction and the entire 
freedom from dispersion. One was mounted of thirteen inches 
aperture and eight feet focus, of the Cassegranean form. It was 
ground and approximately figured by Mr. Fitz, and in its frame, 
as strapped to my large tube and carried by the equatorial clock, 
weighed less than fifteen pounds. Many modes were tried of 
silvering but the best results were obtained by Liebig's process, 
wherein the silver is deposited from an ammonia nitrate solution 
by sugar of milk. After three months trial I abandoned this 
instrument as unfit for use in ray observatory. First, the tre- 
mors of the city, quite imperceptible in the achromatic, were, 
by the double reflection, increased about 36 times, an insur- 
mountable obstacle to good work. Secondly, the silver deposit 
is so easily attacked, both by moisture and the gases wnich 
abound in the city, as to make it necessary to re-silver the specu- 
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lum at least every ten days, a labor not to be contemplated with 
equanimity. Dr. Draper has found the silver surface very much 
more durable in the dry, pure air of the country. I regard the 
Cassegranean form as the best adapted to lunar photography, 
since the dimensions of the image can be varied at will, as cir- 
cumstances dictate, by simply changing the small mirror, a 
number of which might be kept at hand. 

Having thus failed in astronomical photography with an or- 
dinary achromatic, with a correcting lens and with a reflector, I 
began, in the autumn of 1863, the construction of an objective, 
to be corrected solely with reference to the photographic rays. 

In a former communication to this Journal, Jan. 1863, I drew 
attention to the peculiar adaptation of the spectroscope as a 
means of examining the achromatic condition of an objective, 
and since it was principally by the aid of this instrument that I 
have been enabled to procure a fine photographic correction, I 
may be pardoned for touching again upon this application. 

The image of a star at the focus of a perfectly corrected ob- 
jective would be a point, the apex of all conceivable cones hav- 
ing the object glass, or parts of it, as the bases. This point fall- 
ing upon a prism would be converted in a line red at one end 
and violet at the other with the intermediate colors in their 
proper places. If, however, the different colored rays are not all 
brought to the same focus, the spectrum will no longer be a line, 
but in the uncorrected colors will be expanded fo a brush the 
width of which will be the diameter of the cone where inter- 
cepted by the prism. It will thus be seen that a simple glance 
at a star spectrum will indicate at once what parts of the spec- 
trum are bounded by parallel lines and consequently converged 
to one focal point, and what parts do not conform to this condi- 
tion, and also the amount of divergence. 

On applying this test I found that an objective of flint and 
crown in which the visual was united with the photographic 
focus, (in other words, where the instrument could be focalized 
on a plate of ground glass by the eye, as in ordinary cameras, 
and in the heliographs constructed by Dalmayer for the Kew ob- 
servatory and for the Eussian government), is a mere compro- 
mise to convenience in which both the visual and actinic quali- 
ties are sacrificed. 

In order to bring the actinic portion of the spectrum between 
parallel borders, i. e. to one focus, it is necessary that a given 
crown lens should be combined with a flint which will produce 
a combined focal length about one-tenth shorter than would be 
required to satisfy the conditions of achromatism for the eye, 
and in this condition the objective is entirely worthless for 
vision. 
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Having obtained the achromatic correction, I had a most dele- 
cate task to produce the correction for figure, since the .judg^ 
ment of the eye was useless unless entirely protected from ths 
influence of all but the actinic rays. A cell of glass inclosing a 
sufficient thickness of the cupro-sulphate of ammonia, held be- 
tween the eye and the eye-piece, enabled me to work for coarse 
corrections upon « Lyrae and Sirius, but so darkened the ex- 
panded disk of a star in and out of focus that all the final cor- 
rections were made upon tests by photography, which gave per- 
manent record of all the irregularities of surface to be combatei 
Still, however the process was long and tedious, dependent upon 
but three stars as tests, and they too often obscured by bad 
weather. My mode of correction was almost entirely of a local 
nature, such as practiced by the late Mr. Fitz and Mr. Clark for 
many years. 

This objective was completed about the first of December last; 
it has the same aperture, llj inches, as the achromatic, with a 
few inches shorter focal length, and can be substituted for it ia 
the tube with great ease. The corrections of this objective are 
such that I think it capable of picturing any object as seen, pro- 
vided there be sufficient light and no atmospheric obstacles. 

As respects the light, I have obtained images of stars desig- 
nated by Smythe as of the 8J magnitude, and other stars on the 
same plate of full a magnitude lower. In the cluster Proesepe, 
within the space of one degree square twenty-three stars are 
taken, many of which are of the ninth magnitude, with an ex- 
posure of three minutes. An exposure of one second gives a 
strong impression of Castor, and the smaller star is quite visible 
with half a second. With the achromatic objective it was neces- 
sary to expose Castor ten seconds to obtain a satisfactory result 

The great obstacle which prevents the results of photography 
from realizing the achievements of vision is atmospheric dis- 
turbance. In looking at an object the impression is formed from 
the revelations of the best moments, and it is often the case that 
the eye can clearly detect the duplicity of a star, although the 
whole object is dancing and oscillating over a space greater 
than its distance. The photograph possesses no such power of 
accommodation, and the image is a mean of all the conditions 
during exposure. It is, therefore, only on rare nights in our 
climate that the picture will approach the revelations of the eye. 

Since the completion of the photographic objective, but one 
night has occurred, (the 6th of March), with a fine atmosphere, 
and on that occasion the instrument was occupied with the moon ; 
so that as yet I have not tested its powers upon the close double 
stars, 2" being the nearest pair it has been tried upon. This 
distance is quite manageable provided the stars are of nearly 
equal magnitude. The power to obtain images of the 9 th mag- 



N, S. Manross on Coal and Iron ore in Mexico. 309 

nitude stars with so moderate an aperture promises to develop 
and increase the application of photography to the mapping of ' 
the sidereal heavens, and in some measure to realize the hopes 
which have so long been deferred and disappointed. 

It would not be difl&cult to arrange a camera box capable of 
exposing a surface sufficient to obtain a map of two degrees 
square, and with instruments of large aperture we may hope to 
reach much smaller stars than I have yet taken. There is also 
every probability that the chemistry of photography will be very 
much improved, and more sensitive methods devised. 

On the 6th of March, the negatives of the moon were remark- 
ably fine, being superior in sharpness to any I have yet seen. 
The exposure for that phase, three days after the first quarter, is 
from two to three seconds, and for the full moon about one- 
quarter of a second. 

The success of this telescopic objective has encouraged me to 
hope that an almost equal improvement may be made for pho- 
tography in the microscope, which instrument is more favorably 
situated for definition than the telescope, since it is independent 
of atmospheric conditions. Its achromatic status is easily exam- 
ined by the spectroscope, using as a star the solar image reflected 
from a minute globule of mercury. Mr. Wales is now con- 
structing for me a one-tenth objective, which, upon his new plan, 
is to be provided with a tube so arranged as to admit of the 
removal of the rear combination, and, in place of the one or- 
dinarily used, one is to be substituted at will which shall bring 
to one focus the actinic rays. 



Art. XXXVIII. — Notes on Coal and Iron Ore in the State of 
Ouerero^ Mexico ; by the late N. S. Mai^tross. (From an un- 
published Eeport dated May, 1857). 

The region here described is situated near the Pacific coast, 
just west of the meridian of the city of Mexico, extending 170 
miles west of this line, and about 75 miles from the coast. 

We have not succeeded in proving that true coal exists in 
this part of Mexico. Of the reported localities which we ex- 
amined, the firsts that of Chilpaucingo, proved to be a bed of 
soft and peaty brown coal, which might answer perhaps for local 
mrposes, but would not bear transportation. The second^ near 
^.uetamo, was an irregular vein of asphaltum resembling the 
" Albert Coal" of Nova Scotia. The slates here bore a strong 
resemblance to those of the Coal-measures. Other rumored de- 
posits in Tempantitlan and Los Nuevos turned out to be in one 
case pitchstone, and in the other black tourmaline. The people 
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of the country have so little idea of what coal really ia, that 
they are liable to mistake any black mineral for it. Their in- 
formation is therefore very unreliable, and it is always best to 
conduct any examinations for coal by sections without regard to 
their reports. I am still of the opinion that true coal may be 
found in this country. The Carboniferous or Mountain lime- 
stone is largely developed here; and we have seen in several 
places shales and sandstones which in their lithoiogical character 
strongly resemble those of the Coal-measures in other countriea 
What is still lacking is the evidence of fossils, to prove that a 
coal vegetation has once existed in these latitudes. 

Our examinations for the metals have been highly successful. 
Iron ores of the very best quality, and inexhaustible in quantity, 
have been found in six different localities. The first is situated 
at a distance of four leagues from the town of Mescala. It is a 
vein 25 feet wide, and nearly vertical, and consists of solid mag- 
netic ore. We have specimens from other similar veins in the 
vicinity, which we had not time to visit. There is no doubt of 
an abundant supply of ore in this region, and it could be readily 
transported to the river. It derives importance from the fact 
that it is upon the present direct road from Mexico to Acapolco. 

The second great deposit is the Cerro Yman, or Magnet moon- 
tain, of Las Anonas Grandes, near Coyuca. This is also about 
four leagues from the river. It is a mountain of iron ore, folly 
equal to the celebrated ore of Missouri. It is about 300 feet high, 
half a mile long, and fully one-third of its bulk is pure magnetic 
ore. It also contains a bed pf limestone in its summit. It is 
owned by a company who have some small furnaces near it, and 
are producing small quantities both of iron and steel from it. ' 

Two other deposits, those of San Francisco and Singungao 
[Singangeo?], situated near each other, may be classed together 
as a third great locality. They are about two miles apart and 
about the same distance from the Mescala river. That of San 
Francisco is a conical hill about 150 feet high, consisting princi- 
pally of pure magnetic ore. Its surface is covered with loose 
blocks of the same, from one to five feet in diameter. That of 
Singungao covers several acres near the summit of a mountain 
six or eight hundred feet above the river. Besides paving the 
ground over this space with large blocks of ore, the vein throws 
up several piles of ore in masses of ten or twelve feet diameter. 
Taken together or singly, these deposits are capable of yielding 
an unlimited supply of the very best ore. They are not worked J 
at all at present. A fourth great deposit was met with near I 
Villadero, within a day's ride of Zacatula. Here a bed of ore I 
four hundred yards long and one hundred wide occupies the I 
side and crosses the summit of a low hill. The surface is made ll 
up of blocks of pure ore from three to five feet in diameter. 
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The country around is well wooded and nearly level from this 
place to the Pacific. 

The Jljtk^ and, all things considered, the finest deposit we have 
seen, is situated near Chutla, on the road from Zacatula to Aca- 
pulco. It is not more than three miles in a direct line from the 
sea, and not more than six from a bay which affords a good and 
safe anchorage and landing. This deposit extends along the side 
of a mountain for more than a quarter of a mile, is several hun- 
dre<l feet wide and affords masses of ore of all sizes from ledges 
down to pebbles. The highest point of the bed is about 150 feet 
above the adjoining plain. On the upper side the deposit is 
bounded by a thick bed of soft limestone, affording an easy sup- 
ply of flux. The ore is pure magnetic, and is the finest we have 
seen. The country around for many leagues has a fertile soil 
and is covered with dense forests of hard woods, which would 

E reduce an unfailing supply of the best charcoal. This location 
as special advantages in the quality and quantity of the ores, 
the convenience of fluxing materials and fuel, and the nearness 
of a good landing, with the whole of the Pacific coast for a mar- 
ket. I see no reason why the best qualities of charcoal iron 
could not be produced here as cheaply as elsewhere, with the ad- 
vantage of freight and duties over any foreign competition in the 
supply of the Pacific coast of Mexico, and to a considerable ex- 
tent also of the interior. 

One other large deposit of iron was passed over, on the shore 
between Petatlan and Coyuguilla. It is a hill of large blocks of 
ore, situated immediately upon the shore, and beaten by a heavy 
surf. The ore was not seen in place, but the quantity was suf- 
ficient to show that a very large bed of it exists in the hill. 
The beach for several miles was blackened by sand derived from 
the disintegration of the ores. 

We have information of another large deposit of iron ore, 
near the Hacienda of General Alvarez, which we may perhaps 
see on our way to Mexico. 

The occurrence of so many and so rich deposits of iron, so 
widely distributed over the country, is interesting, from the as- 
surance it gives that, whenever coal shall be discovered, there 
will be no want of iron ore within accessible distance of it. 

Next to iron, copper appears to be the most abundant metal 
in this portion of Mexico. I shall defer to another occasion a 
description of the many localities of this metal which we have 
seen. One mine, that of Inguaran, has been worked since the 
time of the conquest, and is still producing well, though worked 
without the aid of machinery. Others in the same neighbor- 
hood, said to be equally rich, are entirely idle. The speci- 
mens and information which we have collected are sufficient to 
convince me that this portion of Mexico is one of the richefit 
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copper districts in the world. Silver and lead ores occur in 
abundance, but I will not undertake to describe here the various 
localities of them which we have seen, or the specimens which 
we have collected. 

I am fully convinced that this portion of Mexico, when prop- 
erly opened by the application of intelligent enterprise, will prove 
one of the richest mining regions of America. 



Art. XXXIX. — Numerical Relations of Gravity and Magnetism; 
by Pliny Earle Chase, M.A., S.P.A.S.* 

In the fifth century before the Christian era, Leucippus and 
his disciple Democritus taught that heat is the soul of the world, 
the principle of life and intelligence, and that space is an infi- 
nite plenum, pervaded by material atoms too minute to be per- 
ceptible to the senses, which, by their constant motions, unions, 
and separations, form the beginnings and ends of things. In 
this theory, which is said to have been borrowed from the 
priests of Isis and Osiris, we may trace the origin of the modern 
belief in a universal kinetic aether, and of the attempts to re- 
solve all forces into ''modes of motion," which were practically 
inaugurated by our own countryman, Benjamin Thompson, 
Count Eumford, and which have been so successfully prosecuted 
by Carnot, Seguin, Mayer, Colding, Joule, Grove, and their col- 
laborators. 

The mutual convertibility of Light, Heat, Electricity, Mag- 
netism, Chemical Affinity, and Vital Energy, may be now re- 
garded as one of the most probable physical hypotheses. Fara- 
day has endeavored also to connect gravitation and magnetism 
or electric action by experimental results, but in vain. Still, 
the conviction of such a connection is almost irresistible, and 
various physicists have given us incidental pointings in that 
direction. Ampere discovered the magnetic effect of electric 
currents circulating around iron bars ; Arago, whose experi- 
ments were repeated and extended by Babbage, Herschel, Bar- 
low^ Christie, and others, showed that simple rotation produces 
magnetic disturbances which are governed by fixed laws; the 
distribution of induced magnetism in masses of iron, as deter- 
mined by Barlow andLecount, is the same as would follow from 
the relative centrifugal motions of different portions of the 
earth, provided the magnetic axis oorresponded with the axis of 
rotation ;^ Hansteen suspected, and Sabine practically demon- 

* Prom the Proceedings of the American Philosophical Society, Dec. 16, 1&64. 
The Magellanic Gold Medal was awarded the author for this memoir. 

" Tliis fact was first announced hy jne, at the Society's meeting, Apcil L6, 1864. 
See Proc. A. P.^., iXj^Gt. 
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strated, the influence of tbe sun upon terrestrial magnetism ; 
Secchi ascertained that " the diurnal excursion of the needle is 
the sum of two distinct excursions, of which the first depends 
solely on a horary angle, and the second depends, besides, on 
the sun's declination,"* and that "all the phenomena hitherto 
known of the diurnal magnetic variations may be explained by 
supposing that the sun acts upon the earth as a very powerful 
magnet at a great distance."* 

This hypothesis has been objected to, on the ground that it is 
difficult to understand how any conceivable intensity of solar 
magnetism, by its simple induction, could produce so great a 
disturbance as is daily observed. Therefore it will probably 
follow the fate of the earlier ones, which attributed terrestrial 
magnetism to one or more powerful magnets lying nearly in 
the line of the earth's axis, while Barlow's idea that the mag- 
netism is superficial, and in some manner induced,* will still re- 
main in the ascendant. Secchi's conclusions are, however, none 
the less interesting, and from the fact that magnetism is, like 
gravity, a central force, varying inversely as the square of the 
distance, they lend encouragement to those who are endeavoring 
to find new evidences of the unity offeree. 

My own experiments and researches have led me to the belief 
that all magnetism is a simple reaction against a force which dis- 
turbs molecular equilibrium, that the numerical equivalent of 
the magnetic force is therefore equal and opposite to that of the 
disturbing force, (rbM=qFD), and that all the phenomena of 
terrestrial magnetism result from tidal and thermal changes in 
terrestrial gravitation. 

Sullivan" and Eeinsch^ have pointed out the eflFect of musical 
vibrations upon the magnetic needle, and I have shown the con- 
trolling influence of a purely mechanical polarity.* A careful 
•examination of the polarizing thermal and rotation currents,' 
will* show that the spirals, which they have a tendency to pro- 
duce, are quasi horizontal cyclones, one set flowing in a nearly 
<5onstant direction along the magnetic meridian, and the other 
toward the momentarily shifting solar meridian. From an in- 
vestigation of these currents and a comparison of various obser- 
vations, I have deduced the following theses : 

L The daily magnetic variations, though subject to great dis- 
turbances, at different hours, show an average approximation to 
the differences of the gravitation-tidal currents. 

Hours from Mean, - - - . 
Means of Theoretical Ratios, - - - 
*' " Observed *' . - - 

» Phil. Mag. [4], viii, 896. * Ibid, ix, 462. • Phil. Trans., 1881. 

« See De U Rivers Electricity, ii, 686. * Phil. Mag. [4], xlii, 222. 

• Proc. A. P. S., ix, 869. • Ibid., p. 867«geq. 
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II. Marked indications of an accelerating force are discover- 
able in the magnetic fluctuations, especially during the hours 
when the sun is above the horizon. 

Hours from Mean, - - - - Ih. 2h. 3h. 
Mean Ratios of Hourly Tidal Differences, - 100 73 27 
" " " Squares of Hourly Mag- 
netic Differences, - 100 74 26 

See also Thesis Y. 

III. There are lunar-monthly barometric and magnetic tides, 
which may be explained by dift'erences of weight or momentum," 
occasioned by the combined influences of solar and lunar attrac- 
tion, and terrestrial rotation. 

IV. The solar diurnal variations of magnetism between noon 
and midnight are nearly identical in amount with the variations 
of weight produced by solar attraction at the same hours. 

The ratio of the solar to the terrestrial attraction for any par- 
ticle at the earth's surface, being directly as the mass, and inverse- 
ly as the square of the distance (M~R»=354,936-^ 23,000^), is 
•00067. The weight of any particle is therefore increased by 
this proportionate amount at midnight, and diminished in the 
same proportion at noon, making a total half-daily variation of 
•00134 in the atmospheric weight, and consequently, according 
to ray theory, in the terrestrial magnetism. 

Theoretical variation, -00134. Observed variation, -00138. 

V. The magnetic variations at intermediate hours, between 
noon and midnight, indicate the influences of an accelerating 
force, like that of gravity, modified by fluctuations of tempera- 
ture, and by atmospheric or setherial currents. 

Every particle of air may be regarded as a planet revolving 
about the sun, in an orbit that is disturbed by terrestrial attrac- 
tion and other causes. In consequence of these disturbances, 
there is an alternate half-daily fall toward the sun, and rise from 
the sun. By the laws of uniformly accelerated and retarded 
motions, the mean fall and the consequent mean magnetic dis- 
turbances should occur at 12^-r v/2=8^29' from midnight. 

Theoretical mean, 8*» 29'. Observed mean, 8** 31'. 

VL Some of the magnetic influences appear to be transmitted 
instantaneously, through the rapid pulsations of the kinetic 
aether; others gradually, through the comparatively sluggish 
vibrations of the air. 

VII. The comparative barometric disturbances of the sun and 
moon exhibit an approximate mean proportionality between 
their comparative differential-tidal and magnetic disturbances. 

Let the solar differential-tidal force be represented by A', and 

^'^ I believe there can be do weight without some degree of momentum. See 
Proc. A. P..S., ix, 367. 
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the lunar by A", the respective barometric disturbances by B' 
and B", and the magnetic disturbances by M' and M". If M' 
and B" are required, we have 

A'-f-A" B' B" M' M" 

Theoretical values, '00012 '00144 

Observed " 2-55 '00067 -00013 -00140 -0000266 

VIII. The theoretical gravitation-variation of magnetism 
(Prop. IV) is slightly less, while the theoretical barometric vari- 
ation (Prop. VII) is slightly greater, than the corresponding ob- 
served variation. The excess in one case exactly counterbal- 
ances the deficiency in the other, the sum of the theoretical be- 
ing precisely equal to the sum of the observed variations. 

Ia. The total daily magnetic variations, like the barometric, 
can be resolved into a variety of special tides, which may be 
severally explained by well-known constant or variable current- 
producing and weight-disturbing forces. 
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The hours are counted from midnight, in each half-day. 

Column A contains the hourly differences from mean weight, 
attributable to solar gravitation, with changed signs ; diminution 
of weight being accompanied by increase of magnetism, and 
vice versa. 

The form of the tide in column B is evidently such as should 
be determined by solar action. The magnitude of the tide is es- 
timated by comparing the relative amounts of motion down the 
diagonal and down the arc of a quadrant (•00067x[l — (J— i)] 
= •00048). The mean-tidal difference [(-00067- -00048)-:- 2] is 
very nearly equivalent to the average theoretical inertia-disturb- 
ance of weight. The atmospheric inertia at St. Helena, (regard- 
ing the fluctuations as uniform between successive hourly obser- 
vations,) produces retardations of 59', 85', 26', and 31', at 0*», 6*", 
12*", and 18*», respectively. The mean retardation is 50', or ifj 
of a half-day. The theoretical daily gravity-variation being 
•00134, the average variation in t^\ of a half-day is •00009||, the 
mean tidal difference being -00009^. 

The consideration of the moon's disturbance of the atmos- 
pheric gravitation is complicated by the magnitude of its differ- 
ential attraction, the position of the center of gravity of the ter- 
restrial system, the varying centrifugal force, and other circum- 
stances involved in the lunar theory. Still there are indications, 
in the following synopsis, of the influence of gravity, sufl&ciently 
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striking to encourage a hope that our knowledge of the moon's 
perturbations may be improved by a thorough comparative study 
of the lunar astronomical, atmospheric, and magnetic tables. 

Lunar-daily disturbances of Magnetic Force at St, Helena, in millionths 

of the total force. 
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The above table shows, that 

1. The moon's attractive force {U-irR^ ='016-^60^ = '000(m) 
multiplied by the coeflScient of its differential attraction (2*55) 
gives '0000113, which is nearly the same as the mean meridional 
magnetic disturbance [(•000005+-000016)-r2=-0000105]. 

2. The increase of magnetism at 12*^ is nearly equivalent to 
the attractive force, multiplied by the square of the distance 
from the center of gravity of the system, and divided by the 
square of the earth's radius (-000004 X 7707^ 4- 3963 » = -0000168). 

3. There is a tendency to equality of disturbances on each 
side of the meridian at i^ and 8^, as in the solar magnetic tide. 

4. The greatest disturbance occurs at the hours of 10*» and 11^ 
p. M., both in the solar and in the lunar tide. 

5. There are some indications of an increase of gravity, and 
decrease of magnetic force, when the tidal flow is toward the 
center of gravity of the terrestrial system, and vice versa. 

6. The rotation-tide has the customary quarter-daily phases 
of alternate increase and diminution. 

X. The phenomena of magnetic storms indicate the existence 
of controlling laws, analogous to those which regulate the nor- 
mal fluctuations. See Proceedings Amer. Phil. Soc, Oct. 21, 
1864. 

The foregoing comparisons have been based on Gren. Sabine's 
discussions of the St. Helena records. It would be desirable, if 
it were possible, to confirm them by observations at other sta- 
tions near the equator ; but the need of such confirmation is in 
great measure obviated, by the variety of ways in which I have 
shown the probable connection of gravity and magnetism. At 
extra-tropical stations, the rotation tide becomes so prepondera- 
ting that it is difficult to trace the diminished gravitation- and 
differential-tides, still I shall look confidently to a fuller devel- 
opment of the theory of tidal action, for future additional sup- 
port to my views. 
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Art. XL. — On the Origin and Formation of Prairies; by Leo 

Lesquereux. 

This paper is intended as a review of Prof. Winchell's new 
theory on the origin of the prairies of the Mississippi Valley/ 
and as a defense of my own views on the same subject." I shall 
therefore omit all details relative to the surface of prairies, their 
conformation and appearance, and their geological and geograph- 
ical distribution, since these details do not directly concern the 
elucidation of the question.' 

From the brief mention made of my opinion concerning the 
formation of prairies, it appears to have been misunderstood 
by those who have quoted it, or rather it was entirely unknown 
to them. For this reason it is advisable to first expose, as they 
were originally given, the essential points of a simple explana- 
tion, which does not merit to be spoken of as a theory. I 
merely translate from my letter to Professor Desor : 

" You well know that prairies are at our time in process of 
formation along the shores of the Lakes : — Lake Michigan, Lake 
Erie, etc. and also along the Mississippi and some of its afflu- 
ents, especially the Minnesota river. The formation of these 
recent prairies, whose extent is not comparableUo that of the 
primitive ones, is peculiar, and has a great analogy to that of 
peat bogs. Where the waves of the lakes, or their currents, 
strike the shores or the low grounds, and heap materials, such 
as sand, pebbles, mud, etc., they build up more or less eleva- 
ted dams or islands, which become covered with trees as soon 
as they are raised above water. These dams are not always 
built upon the shores, and do not always even follow their out- 
lines, but often enclose wide shallow basins, whose water is thus 
sheltered against any movement. There the aquatic plants, 
sedges, rushes, grasses, soon appear, and these basins become 
swamps, as may be seen near the borders of Lake Michigan. 
Though the forests may surround them, the trees do not invade 
them, even when the swamps become drained by some natural 
or artificial cause. 

"Along the Mississippi and Minnesota rivers, the same phe- 
nomenon is observable, with a difference only in the process of 
operation. During a flood, the heaviest particles of mud are 
deposited on both sides of the principal current, along the line 
of slack water, and by repeated deposits, dams are slowly formed 

» This Journal [2], xxxviii, 332. 

' Letter to Prof. Desor in Bull, de la Soc. des Sci. Nat. de Neuchatel, Dec 1866. 
' Prof. Whitney in the Ist Chap, of the Report of the G-eological Survey of the 
State of Iowa has given a clear and very accurate descriptive account of the prairies. 

Am. Jour. Scr.— Second Series, Vol. XXXIA , No. 117.— Mat, 1865. 
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and upraised above the general surface of the bottom land. 
Thus, after a time, the water thrown on the bottoms by a flood, 
is, at its subsidence, shut out from the river, and both sides of it 
are converted into swamps, sometimes of great extent. Seen 
from the high bluffs bordering its bottom lands, the bed of the 
Minnesota river, in the spring, is marked for miles by two nar- 
row strips of timbered land bordering the true channel of the 
river and emerging like fringe in the middle of a long continu- 
ous lake. In the summer, and viewed from the same point, the 
same bottoms appear transformed into a green plain, whose 
undulating surface resembles immense fields of unripe wheat 
In reality, they are impassable swamps covered with sedges, 
rushes, and coarse grasses. By successive inundations, they 
become, by and by, elevated above the level of the river. They 
then dry up in summer, mostly by infiltration and evaporatioD, 
and when out of the reach of the floods, they become at first 
wet, and afterward dry, prairies.* In that way, admirable loca- 
tions for river towns have been made. On the Mississippi, 
Prairie du Chien, Prairie la Fourche, Prairie la Crosse, etc., are, 
as indicated by their names, towns located on formations of 
this kind. 

" These splendid patches of praries, though of a far more re- 
cent origin than the immense plains above them, are neverthe- 
less true prairies. Although bordered on one side by the high- 
timbered banks of the bottoms, and still separated by a fringe of 
trees from the actual bed of the river, yet the trees do not enter 
them. This peculiarity of formation explains first the peculiar 
nature of the soil of the prairies. It is neither peat nor humus. 
It is a black, soft mould, impregnated with a large proportion of 
ulmic acid, produced by the slow decomposition, mostly under 
water, of aquatic plants, and thus* partaking as much of the 
nature of peat as of that of true humus. In all the depressions 
of the prairies, where water is permanent and unmixed with 
particles of mineral matter, the ground is true peat. 

" It is easy to understand why trees cannot grow on such kind 
of ground. The germination of the seeds of arborescent plants 
needs the free access of oxygen ; and the trees, especially when 
they are young, absorb by the roots a great amount of air, and 
demand a solid point of attachment to fix themselves. Moreover, 
the acid of this kind of soil, by its particularly antiseptic prop- 
erty, promotes the vegetation of a peculiar group of plants most- 
ly herbaceous. Of all the trees, the tamarac is the only species 
which, in our northern climate, can grow on a peaty ground, and 
this even happens only under rare and favorable circumstances, 

* The lowest part of these fluvial prairies is of course farthest from the ri?era 
along the bluffs. Here, generally, the percolation of water through the banks forms 
springs and deeper swamps, which are often transformed into peat bogs. 
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that is, when stagnant water, renoiaining at a constant level, has 
been invaded by the /Sphagnum. By their absorbing power, their 
continuous growth and the rapid accumulation of their remains, 
these mosses slowly raise the surface of the bogs above water, 
and it is then, in this loose ground; constantly humid but accessi- 
ble to atmospheric action, that the tamarac appears/ 

" Now, let us examine the prairies according to this idea of 
their formation, and see if, from the first trace of their origin to 
their perfect completeness, there is any thing in their local or 
general appearance which is not explained by it or does not agree 
with it. 

" The bay of Sandusky is now in process of transformation 
into prairies, and is already sheltered against the violent action 
of the lake by a chain of low islands and sand-banks, most of 
them covered with trees since a long time, at least, judging from 
the size of the trees. Ali these islands are built up with the 
same kind of material, that is, with lacustrine deposits, either 
moulded into low ridges under water, or brought up and heaped 
by waves and currents. Around the bay, especially to the 
southwest, there are extensive plains covered with shallow water. 
The bottom, in the depression toward the lake and where the 
aquatic vegetation is only at its origin, is sandy clay. But, in 
the more shallow places, the clay is already muddy and blackened 
at its surface by the detritus of the herbaceous vegetation which 
has grown upon it. Farther toward the borders, and in propor- 
tion to the shallowness of the water, the detritus thickens, and 
still farther, we have wet prairies, with exactly the same vegeta- 
tion as that of the lake swamps, and a black soil with a substra- 
tum of clay, the same materials also as those of both the deeper 
and more shallow swamps of the lakes. In receding from the 
borders of the lake toward the high prairies, the transition from 
wet to dry prairies is by so insensible degrees that it would be 
impossible to fix a point of separation between them. All the 
surface appearances are the same. Vegetation is here and there 
modified by the presence of some peculiar species of herbaceous 
plants, but nothing else. The homogeneousness of the soil is 
still more striking. There is the same kind of clay as subsoil, 
and this is overlaid by the same kind of black spongy mould. 
And if here and there you see knolls covered with trees, the 
. cuts of the railroad show that the materials of which they are 
formed are a different compound from the ground of the prai- 
ries, even if they are scarcely elevated above the general level, 
and that they are of the same nature and of the same formation 
with those of the low wooded islands of the lake. 

On the borders of the numerous lakes which dot the high 

' In my letter to Prof. Desor, this question is discussed at length. I have onu^ 
ted here the details, as thej are uanecessarj for the elucidation of the subject. 
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rolling prairies, especially in Minnesota, the process of forma- 
tion of the prairies is repeated in the very same way. These 
lakes are of every size, sometimes small and circular, true 
ponds; sometimes thirty to forty miles in circumference, and in 
this case shaping the outlines of their shores according to the 
undulations of the prairies; divided into innumerable shallow 
branches, mere swamps, covered with water plants, and empty- 
ing themselves from one to another; passing thus by slow de- 
grees toward rivers, not by well marked channels, but by a suc- 
cession of extensive swamps. These are the sloughs which 
separate the knolls of the prairies — ^so to speak, the low grounds 
of the rolling prairies. They are nearly dry in summer, but in 
the spring are covered by one to three feet of water. Their 
vegetation is merely sedges and coarse grasses. I have never 
seen fishes in these sloughs, but plenty of crawfishes and a 
great quantity of freshwater shells.* Wherever the borders of 
the lakes are well shaped, not confounded with or passing into 
swamps, they rise from five to six feet above the level of the 
water and are timbered, mostly with oak and hickory. This 
elevated margin is more generally marked on the eastern sides 
of the lakes, a record of the action of the waves under the 
dominant winds. Or it is shaped as a low range of hills sur- 
rounding the lakes, and is due then to original irregularities of 
the surface. The materials are the same as those of the dama, 
or low islands, of the great lakes; indeed, the same as those of 
the under bottoms of the swamps, or those over which the prai- 
ries have been formed. But they have been removed from the 
influence of stagnant water : this is the only difference." 

" From all these remarks, what other conclusion can we de- 
duce but that all the prairies of the Mississippi valley have been 
formed by the slow recession of sheets of water of various ex- 
tent, first transformed into swamps, and, by and by, drained and 
dried. The high and rolling prairies, the prairies around the 
lakes, those of the bottoms along the rivers, are the results of 
the same cause, and form a whole, an indivisible system."^ 

" To this assertion you will object, I suppose, and say : How 
is it that the prairies are not everywhere perfectly horizontal; 
and as there is some unevenness of surface, have these undula- 
tions not been formed like the low islands or high borders of 
the lakes, and why then are they not timbered T' — "I believe 
that, although the surface of the prairies may be now undulated, 
it was originally horizootal enough to form shallow lakes, and 

• Especially Planorbis trivohu, P. lentus^ Lymnea appresaa^ X. emarginata, L. 
decidiosa Say, etc. The lakes ■bav'C the same species, with many bivalves, and a 
great abundance of fishes, especially catfishcs (Pimelodei). 

'' Atwater, this Journal, i, 116, 1819, and Bourne, ibid., ii, 80, 1820, have both 
considered the prairies as originatiRg^ from swamps, without, however, giving an 
ezplacatiou of the'f)heQomeDOD. 
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ikten swamps, like those which at the present time cover some 
parts along the shores of Lake Erie, Lake Michigan, etc. Where 
this horizontality has disappeared, it is only by very slow de- 
grees, under the eroding action of water, which, in its slow 
movements, tends to follow every change of level, seek an out- 
let, and so establish channels of drainage. I have followed for 
whole days the sloughs of the prairies, and have seen them con- 
stantly passing to lower and well marked channels, or to the beds 
of the rivers, by the most tortuous circuits, in a manner com- 
parable to the meanderings of some creeks in nearly horizontal 
valleys. Indeed, the only difference is, that, in the high prairies, 
there is not a definite bed, but a series of swamps, extending, 
narrowing, and bending in many ways. The explanation ap- 
pears to me so natural, that I cannot understand how high prai- 
ries could ever be perfectly horizontal. Along the lakes and 
in their vicinity, the horfzontality is a necessary consequence of 
the primitive evenness of the bottom and of the proximity to 
water. The level of the low prairies being scarcely above that 
of the lakes, their surface, after an overflow, becomes dry, rather 
by percolation and* evaporation than by true drainage. But 
wherever the rivers have cut deeper channels, — as is the case in 
the north part of the Mississippi basin, where they run some- 
times from one to three hundred feet lower than the surface of 
the high prairies — the drainage has constantly taken place to- 
ward those deep channels, and the water, though its movements 
may be very slow, furrows the surface in its tortuous meander- 
ings. From this, results that irregular conformation of surface 
generally and appropriately called rolling. In Indiana and Illi- 
nois, in the vicinity of the Wabash river, for example, there 
are some high prairies whose surface is apparently horizontal. 
But these prairies, as at Terre Haute, are surrounded by a mar- 
gin of low wooded hills, and have originally been shallow lakes 
of difficult and slow drainage. Moreover, their horizontality is 
rather apparent than absolute ; some parts of them are already 
dry enough to be cultivated and ploughed in the spring ; some 
parts are used as wet meadows, and still others are covered 
with water and inaccessible. This apparent horizontality results 
from the great width of what we may call already channels of 
drainage. These will, by and by, contract and deepen, and thus 
the prairie become undulating. This opinion is in contradiction 
io what you say in your excellent paper on the drift of Lake 
Superior : that the irregularities of surface of the prairies have 
been caused by currents at the time when they were under 
water. If the ground of the high rolling prairies had been 
prepared in advance, as you suppose, the prominent parts or 
the knolls would have been timiDered like the low islands of 
the lakes." 
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Next follows, in my letter, an examination of the evidence 
that the prairies have been covered with water to their highest 
points ; that the water has not been drained by any violent ac- 
tion but by slow upheaval of the surface ; that the deepening of 
the great channels, and the formation of low prairies, around the 
lakes and along the rivers, are merely a continuation of the same 
phenomenon or a result of the slow and continuous upheaval of 
the great Mississippi basin. 

The letter ends in refuting opinions, admitted by some authors, 
that the absence of trees on the prairies is caused by atmospheric 
dryness, and by others that it results from fires, etc. 

After reading this exposition of my views. Prof. Desor re- 
marked that what he calls my theory has the merit of combin- 
ing in the same explanation two phenomena, the formation of the 
peat bogs, and the formation of the prairies, whose relation to 
one another is too natural to be without foundation. But he ob- 
jects to some of my ideas, and especially thinks that my explan- 
ation of the formation of the rolling of the high prairies cannot 
be admitted, because the spaces between the knolls are not deep 
and narrow sloughs or simple trenches, but* broad depressions, 
broader than the knolls themselves ; that this could not be the 
case, if they had been formed by the erosion of water. 

This objection, I think, is groundless. As we have saen, in 
considering the surface of the low and of the flat prairies, wher- 
ever the drainage is insensible, water can scarcely have any action 
in digging trenches. In the spring, or after heavy rains, its slow 
movements extend over the whole breadth of the low grounds, 
scarcely displacing or carrying away the finest material. This 
can hardly be considered as erosion. Nevertheless, it is certain 
that all the sloughs of the rolling prairies find their way to lower 
and deeper channels, where they definitively shed their water. 
It is certain, also, that in reaching the Mississippi, or the Minne- 
sota, etc., these sloughs are deeper and all nearly perpendicular 
to the direction of the rivers. For this reason the rolling of the 
prairies along the great rivers resembles a succession of fronting 
abutments. Prof. Whitney, in the first chapter of the geological 
report of Iowa, makes a corresponding remark, when he says, 
(p. 17,) " The streams of the prairies usually take their rise in 
small depressions of the high prairie, scarcely to be noticed as 
being below the general level of the region. As their course 
continues, the beds generally sink, etc." Prof. Desor holds that 
the knolls of the prairies were formed under water, and in deep 
water, and, to confirm his assertion, he says that the bottoms of 
our great .lakes, and of the ocean also along the shores, are 
marked by swells and deep furrows. In fact, the knolls of the 
prairies are of quite a diflferent form from the long continuous 
parallel undulations of the bottom of the seas. Moreover, there 
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are such traces of marine action in Iowa and Minnesota in the 
timbered Coteaux, as the Goteau des Bois, Les Bois-rouges, etc., 
which cut the nakedness of the prairies and resemble those nar- 
row strips of land bordering the ocean and soon becoming long 
peninsulas covered with a luxuriant arborescent vegetation. The 
first origin of these undulations may have been in deep water, 
or they may have resulted merely n'om the action of the waves. 
In any case, they cannot be compared with the barren knolls of 
the prairies. 

Prof. Whitney," admitting that the prairies have been covered 
with water, even to their highest point, considers the absence of 
trees as caused by the fineness of the soil, which he attributes in 
part to the nature of the rocks underlying it, and in part to ac-, 
cumulation in the bottom of immense lakes of a sediment of almost 
impalpable fineness^ under conditions which will be discussed here- 
after J^ This unfinished explanation cannot fully satisfy the mind. 
Prairies cover every kind of geological formation, even granitic 
rocks, as in Minnesota, between St. Peter and Fort Eidgely. 
Most generally they overlie the Drift. It is evident that the 
black soil of their surface, as well as the clayey subsoil, though 
the thickness of these strata may be great, has been formed, in 
place, by the agency and growth of a peculiar vegetation. In 
stagntwrit water, whenever water is low enough to admit the trans- 
mission of light and air in sufficient quantity to sustain vegetable 
life, the bottom is first invaded by Confervas, especially by Gha- 
racece and a peculiar kind of floating moss {Hypnum aduncum 
Hedw.). These plants contain in their tissue a great proportion 
of silica, lime, and even oxyd of iron." Moreover, they feed a 
prodigious qxiantity of small mollusks, whose shells add to the 
detritiis of the plants; and the final result of the decomposition 
of the matter is that fine clay of the subsoil of the prairies, truly 
impalpable when dried ana pulverized. This formation has 
been observed and described long time tugo, especially by Chrome, 
who attributes to the decomposition of Confervas, CharacesB, etc., 
the clay over which peat bogs generally rest. I have seen it in 
process of prodigious activity in a large pond of the King's Gar- 
den of Fredericksburg in Denmark, which every year is filled 
with about one foot of clayey matter, by the decomposition of 
Characeae, small mollusks and infusoria. This kind of formation 
is so general that it can be observed in nearly every open swamp. 
In the lakes of the high prairies it has sometimes a peculiar 
character. At the depth of from one to three feet, the plants 

• Geological Survey of Iowa, chapter L 

• Geological Report of Iowa, i, 26. 

'* DeCandoUe Physiologie Vegetate, p. 183 and 188. When exposed to atmofl* 
pheric influence, the Charas become covered with an efflorescence of scarcely carbon- 
ated or pure lime. 
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above named, Mosses, Confervas, and Charas, form a thick car- 
pet, which hardens, becomes consistent like a kind of felt, and, 
floating about six inches from the bottom, is nearly strong 
enough to sustain the weight of a man. The carpet is pierced 
with holes, where fishes pass in and out, and the tx>ttom under 
it is that fine impalpable clay, evidentlv a residue of the decora- 
position of its plants. At the depth or three and a half to four 
feet, this vegetation suddenly ceases and the bottom of the lakes 
is pure sand and pebbles with shells. Nearer to the borders, 
on the contrary, at the depth of one foot, the carpet of mosses, 
etc., begins to be intermixed with some plants of sedges, becom- 
ing more and more abundant in proportion as the depth de- 
creases. As soon as the leaves of these plants rise out of the 
water, they absorb and decompose carbonic acid, transform it 
into woody matter, under atmospheric influence, and their detri- 
tus is at first clayey mould, and then pure black mould, the 
upper soil of the prairies. Of course, near the borders of the 
rivers, or under peculiar circumstances, the formation is some- 
what modified by the addition of transported matter, or of for- 
eign elements. The clay may thus take a different color, and 
have a somewhat different composition ; but the process of form- 
ation does not materially change. 

Considering the whole explanation of the formations of the 
prairies, as it is exposed in this paper, I think that it covers the 
whole ground and can apply to most of the cases (if not to all) 
where the ground is naturally naked or without trees. It gives 
the reason of the formation of the prairies from the base of the 
Eocky Mountains to the borders of the Mississippi Eiver; of 
the prairies around the lakes, and of those of the broad flat bot- 
toms of our southern rivers ; of the Platas of the Madeyra 
river ; of those of the Paraguay ; of the pampas of Brazil ; and 
even of the desert plains of our western Salt Lakes. For this 
formation is produced, in the same manner, in the salt marshes 
of the sea, as in the freshwater swamps of our lakes. And if, 
passing to other continents, we examine, in Europe, the natural 
meadows of Holland, the barrens or heaths of Oldenbourg, all 
the plains on the shores of the North and of the Baltic Sea, and, 
in Asia, the vast steppes of the Caspian, etc., etc., we find every- 
where the same appearances, and the same results of a general 
identical action, modified only by local and mostly climatic cir- 
cumstances. 

The glades on the slopes of some mountains of Arkansas, of 
the AUeghanies, etc., have been quoted as a phenomenon con- 
tradicting the theory of formation of prairies by water." I have 
carefully examined those glades in connection with the geologi* 

" R. W. Wells, this Journal, i, 334, 1819. 
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cal survey of Arkansas, and found them always the result of 
water. When the springs descending the slopes are stopped by 
some obstacle, the waters slowly overflow the surrounding sur- 
face, and generally favor the growth of a thin stratum of peat, 
where only grasses and prairie flowers vegetate. Sometimes the 
peat of these glades is one to two feet thick. They are gene- 
rally dry in the fall, but always true swamps or wet prairies in 
the spring." 

Prof. Winchell observes that a theory [for the absence of treesj 
often urged is the considerable humidity of the soil of certain prairiea 
and especially the wetness of the subsoil^ &c., and refutes it by this 
mere assertion : it is singular that such an opinion could be enter' 
tained when it is so well known that there is no situation so wet but 
certain trees will flourish on it. The willow^ cottonwood, tupelo^ 
water oak^ tamarac^ American arbor vitaSj etc.". And, when con- 
sidering Prof. Whitney's supposition that the extreme fineness 
of. the prairie soil is the cause of the absence of trees, he sets it 
aside, in the same way, by another assertion : that the fatal objec- 
tion to this Hieory^ and all theories which look to the physical or chem- 
ical condition of the soil for an explanation of the treeless character 
of the prairieSj is discovered in the fact that trees will grow on them 
when once introduced,^* 

As it is not proper to refute an assertion by a contrisiry one, 
let us examine under what circumstances trees may grow in 
some swamps, and what the highest scientific authorities have 
to say on the subject. 

It is a well known fact of botanical physiology that trees ab- 
sorb by their roots a certain amount of oxygen necessary to 
their life. It is in accordance with this principle that trees, to 
thrive well, ought not to be planted too deep ; that most species 
of trees perish when their roots are buried in a stratum of clay, 
impermeable to air; that whenever the water of a creek is 
dammed, to make a pond, all the trees are killed on the whole 
flooded space. Kunning water furnishes a sufficient amount of 
air and oxygen for their life to certain species of trees (most of 
,the species quoted by Prof Winchell) whose roots, when im- 
mersed, have the property of dividing themselves into innumer- 
able filaments. Hence, such trees grow, indeed, in those swamps 
inundated by the water of adjacent rivers, or periodically in- 

" Tlie relation of glades to peat bogs is beautifully exemplified on the slopes of 
Mt Marcy and other peaks or the Adirondac Mts. of New York. Here, in the 
middle of deep and nearly impenetrable woods, such openings, half prairies, half 
bogs, are suddenly entered without transition whatever, and their surfaces entirely 
barren of trees, appear like clearings and meadows produced by human agency. 
They are of every size, cover slopes of various degrees, and iisceod at high m 
to 5000 feet above the sea. 

" A. Winchell on the prairies. This Journal, [2], xxxviii, 848. 

" A. Winchell, ibid., 844. 

Am. Jour. Scl—Secowd Skrxbs, Vol. XXXIX, No. 117.— Mat, li65. 
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yaded by the tides. The water of such swamps is not perma- 
nent, and its whole mass is subjected to some kind of movement 
It is thus that in the south the bald-cypress and the tupelo grow 
even in the middle of creeks and bayous. But look anywhere 
else, along the rivers, or on the shores of seas or lakes, and 
wherever a sheet of shallow water is sheltered against the waves, 
the tides or the currents, you find invariably treeless swamps, 
passing to prairies." The only fact, to my knowledge, which 
could be mentioned as sustaining the assertion of Prof Winchell 
is, that certain kinds of shrubs, as the button bush, the swamp 
rose, etc., grow and form thickets around some true swamps of 
our forests. But, examining the process of germination of the 
seeds, it is easy to observe that the germs are not developed in 
water, but in dried decayed vegetable matter of rotten prostrated 
trees. In summer, and only when the margins of the swamps 
are dry, the roots penetrate the ground. Thus the swamp is 
surrounded by a belt of shrubs, but its central part is open and 
occupied by herbaceous plants only. 

Now, what says DeCandolle in his classical book on Vegetable 
Physiology? He remarks that the constant irrigation required 
for the rice culture in Lombardy is a serious inconvenience, be- 
cause the water penetrates the ground of the neighboring estates 
and kills the trees : — That water, left stagnant for a time on the 
ground, rots the trees at the collum, prevents the access of oxy- 
gen to the roots, and kills them: — That in the low grounds of 
Holland they dig, for planting trees, deep holes, and fill the 
bottoms with bundles of bushes, as a kind of drainage for sur- 
plus water as long as the tree is young enough to be killed by 
humidity: — That true swamps and marshes have no trees, and 
cannot have any, because stagnant water always kills them}* 
Authorities to the same efiect could be quoted by volumes. 

The second assertion, that trees will grow on the prairies when 
once introduced (or planted, I suppose), is certainly true. But 
we should take care to make a distinction between the results of 
an artificial process and those of a natural one. When trees 
are planted on the prairies, the soil is conveniently prepared. 
The clayey subsoil mixed with the black mould forms a com- 
pound which combines density of certain parts with lightness 
of others, and contains a great proportion of nutritive elements. 
If the clay of the subsoil is not too thick to be impermeable to 
water, and thus retain it around the roots, this prepared or arti- 
ficial ground is indeed very appropriate to the growth of trees. 
But has any one ever seen oak or hickory, or any other kind of 
trees, grow on the prairies from a handfull, say even from a 

^' Species of trees like the magnolia grow over the southern peat bogs for the 
6ame reason that tamaracks grow in the peat bogs of the north. 
" Physiologie Vegetale, pp. 1206-1212. 
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bushel, of acorns or nuts thrown upon their surface? Why, 
then, if trees will grow on prairies, do not isolated or widely 
separated clusters of trees insensibly cover a wider area? Some 
of these trees have lived there for ages ; their trunks are strong 
and thick ; their branches widely expanded, and their fruits are 
swept far away by the impetuosity of autumnal storms ; never- 
theless, their domain is restricted, by the nature of the ground, 
to their own narrow limits ; these they never pass. 

[To he contitmeiLI 



Art. XLI. — On a Process of Fractional Condensation: applicable 
to the Separation of Bodies having small differences between their 
Boiling-points ; by C. M. Warren/ 

It is well known that the process in general use for the prox- 
imate analysis of mixtures of volatile liquids, — viz: that of 
simple fractional distillation, either from a tubulated retort or 
from a flask with bulbs, as proposed by Wurtz," — affords but 
very imperfect and unsatisfactory results, and not unfrequently 
leads to gross errors and misconceptions, except in those cases 
in which the boiling-points of the constituents are widely differ- 
ent, or in which some auxiliary method can be advantageously 
employed. 

The want of a more efiScient process for effecting such sepa- 
rations has long been recognized. There are numerous natural 
and artificial products, of the highest scientific interest, — such 
as petroleums, essential oils, tars, and other mixtures of oils ob- 
tained by the distillation, under varied circumstances, of bitu- 
minous, vegetable, and animal substances, — of which it may at 
least be said that we have but very imperfect knowledge, — I 
might almost say no knowledge, except such as could be de- 
rived from the study of very impure materials, — still mixtures 
of different bodies, — with which, instead of the pure substances 
sought for, chemists have felt compelled to content themselves, 
as the best results which they were able to obtain by the means 
at their command. 

In repeated instances, apparently after persevering and pro- 
tracted efforts, investigators have been forced to assert either the 
impossibility, or their inability, to obtain, from such mixtures, 
bodies of constant boiling-point, — a property which is generally 
received as a test of purity for liquid bodies. 

I may here specify a few recent instances of this kind. 

^ From the Journal of the Acad. Arts and Sciences, Boston, May lOtb, 1864. 
^ Annales de Chimie et de Physique, [3], zlii, 182. 
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1. Warren de la Rue and Hugo Miiller,' in their paper entitled 
"Chemical Examination of Burmese Naphtha ana Eangoon 
Tar," after detailing the preliminary treatment by distillation in 
a current of steam, add that *• A further separation of the va- 
rious products was effected by repeated fractional distillations; 
but no absolutely constant boiling-points could be obtained, no^ 
"withstanding the great number of distillations and the large 
quantity of material at command. It is true that considerable 
portions of distillates could be collected between certain ranges 
of temperature, tending to indicate a constant boiling-point; 
pevertheless, it soon became evident that distillation alone could 
not effect the separations of the various constituents, and that 
recourse must be had to other processes." The other processes 
resorted to were, treatment with sulphuric and nitric acids, 
either separately or mixed ; but still with very imperfect results. 
This acid treatment, which was first proposed by De la Rue, and 
subsequently employed by C. GrevilJe Williams,* Schorlemmer, 
and others, will be further noticed below. 

2. Frankland,* in speaking of a mixture of the hydrocarbons 
of the formulas CnHn and CnHn + , (now generally considered as 
CnHn+a), which havc a difference of 6° to 7° C. between their 
boiling-points, says, **The separation of two such bodies by dis- 
tillation alone is impossible ; and suggests that the employment 
of anhydrous sulphuric acid may accomplish the object by dis- 
solving out the body of the formula CnHn. 

3. And so recently as 1862, Schorlemmer,' in his first paper 
"On the Hydrids of the Alcohol-Radicals existing in the Pro- 
ducts of the Destructive Distillation of Cannel Coal," remarks 
that "it was, however, found impossible to obtain a product of 
constant boiling-point by repeated fractional distillations;" and 
he also had recourse to the acid-treatment above referred to. 

4. PebaV after an elaborate research on the petroleum from 
Galicia, in which Wurtz's bulbs were employed, and also Eisens- 
tuck,^ who made an extended investigation of the petroleum 
from Sehnde, near Hannover, also with the use of Wurtz's 
bulbs, both assert in the most positive manner the impossibility 

* PfOceeding8 of tfhe Royal Society, viii, 221. 

* Philosophical Transactions, 1857, 447. 

* Quarterly Journal of the Chemical Society, 1851, S, 43. 

* Journal of the Chemical Society, xv, 419. 

' Annalen der Chemie und Pharmacie, cxv, 20, asserts the " Unmoglichkeit, dM 
Gemenge durch frsKJtionirte Destillationen zu entwirren." 

* Annalen der Oljemie und Pharmacie, cxiii, 169, says as follows: **Mit den 5° 
zu 5° aufgesammelten Destillaten wurde die fractianirte Destination wieder von 
Neuem vorgenommen, aber nachdem diese Operation sieben Wochen mit etwas 60 
Pfund Steinel fortgesetzt worden war, erhielt icfa dodi kein Product von irgeod 
constantem Siedepuukt. Nacb diesen Versuchen halte ich es fur Unmoglich. dai 
Steinol durok ifractionirte DesttUationeu alleio in Producte mit constantem Siede- 
puukt, zu scheiden.'* 
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of separation from petroleum, bj fractional distillation, products 
of constant Doiling-point. 

Such is the general character of the results obtained in the 
attempts which have been made to separate the constituents of 
such mixtures by fractional distillation. 

The treatment with strong acids, etc., as an auxiliary to the 
common method of fractional distillation, which is claimed to 
have given good results in some cases, is open to serious objec- 
tions in its application to mixtures of unknown substances, as 
must be readily apparent. The further consideration of this 
subject is reserved for another occasion, when I shall submit the 
results which I have obtained by my protess in the study of 
mixtures almost identical with some of those in the investiga- 
tion of which the acid process has been employed. I shall then 
be able to show that the results obtained by that process are, to 
a considerable extent, inaccurate and by no means exhaustive; 
and that it is still of the highest importance to have a process 
which shall be generally applicable in all such cases, without 
resort to any harsh or uncertain treatment. 

With regard to the value of constancy of boiling-point above 
referred to, as a test of purity of a liquid substance, I may here 
say that, without scarcely lessening the importance of obtaining 
constancy of boiling-point, before resorting to harsher treatment, 
in the study of mixtures of unknown substances, I think I shall 
be able to show, on another occasion, that this property is not 
necessarily indicative of so high a degree of purity as has gen- 
erally been supposed ; and that a body may have a constant 
boiling-point, and yet contain enough of a foreign substance to 
appreciably — and, in delicate cases, seriously — affect the deter- 
mination of its constitution and of some of its other properties. 
But in no such case have I yet found that the removal of the 
impurity by chemical means has essentially changed the boiling- 
point, — i. e., never to the extent of 1® C. of temperature. I 
propose, at a future time, to study this question synthetically, 
operating with pure liquid substances, with the view to deter- 
mine, in a few cases, how much of a foreign substance may be 
present, — which would probably be variable in different cases, 
— without sensibly affecting the boiling-point. A solution of 
this question would, I think, be of considerable practical value 
in some instances.* 

Of the }iew Process, — The chief distinctive feature of my pro- 
cess, as compared with the common one, consists in this, — that 
the operator has complete and easy control of the temperature 
of the vapors given off in distillation ; and consequently can 

* Since this was prepared for the press I notice that late experiments by Ber- 
thelot go to show the x^rrectness of my conception of the Talue of constancy of 
boiling-point, as abore stated. 
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readily cool these vapors to the lowest limit of temperature 
which the most volatile portion, under the circumstances, is able 
to bear and retain its vaporous condition. It will be seen at a 
glance that, under these conditions, the operator has it in his 
power to secure in any case the very largest possible amount of 
condensation of the heavier from the lighter vapors. The 
liquids resulting from the condensation of the less volatile por- 
tions of course fall back into the retort, while the vapors of the 
more volatile parts continue to go forward to a cold condenser, 
descending in the opposite direction, from which the condensed 
product falls into a special receiver. In this manner he is able 
to obtain, in each ijiacceasive operation, a series of products 
which shall contain the minimum quantity of the less volatile 
constituents, which a single distillation is capable of affording. 

Of the common process, on the contrary, nearly the reverse 
of all this is true: the operator having no control whatever; 
being forced to receive the vapors at the temperature which 
they naturally acquire in passing from the retort, and laden 
with such proportion of the less volatile bodies as may be car- 
ried forward with them." 

^^ The only apparatus, of which I have any knowledge, which can be regarded 
as bearing any analogy to my own, is that employed in the rectification of alcobolie 
spirits, on a manufacturing scale. In one of the older forms of this apparatus, that 
of SoUmani, to which my attention was first called by a friend, after my process 
had been in use more than a twelvementh, the temperature of a dephlegmator is 
kept within such limits as to give alcohol of any required strength more read2^ 
than by the common methods. The mode of construction of this apparatus i% i 
however, only adapted to manufacturing purposes, and it could not be utilized io 
the more exact experiments required in scientific research. Either on account of i 
its complication, or some other cause, the apparatus of SoUmani has, I believi^ J 
long since been abandoned. 1 

Mansfield {Quarterly Journal of the Chemical Society, 1849, i, 264), observing 
that "the boiling-point of benzole is the same as that of alcohol of sp. gr. 0*825, 
remarks that " any of the summary processes of rectification which are practised 
by distillers in the manufacture of alcoholic spirits, are applicable to the separation 
of benzole from the less volatile fluids of naphtha ;" and, appended to his scientific 
treatise on coal-tar, under the title " Of a Practical Mode of Preparing Benzole^ 
goes on to describe a process for that purpose, which, I believe, he had previously 
patented. It appears that Mansfield did not employ this process in his research, 
but obtained his benzole, as well as the other less volatile hydrocarbons, in the 
usual manner, — by simple distillation. 

In the belief that no process of fractioning at all analogous to mine has ever 
been employed in scientific research, and that I am not in any way directly indebted 
to aay of the devices of my predecessors, I have taken no special pains to consider 
these devices in much detail. I may say, however, that I have found no record of 
any one's ever having employed the oil bath and a separate fire to regulate a heated 
condenser, this being the essential feature on which the superiority of my process 
is based ; adapting it at once to both high and low temperatures, and for the moit 
delicate work. 

The employment of bulbs, above referred to, as proposed by Wurtz, is simply a 
modification of the old process. The bulb apparatus furnishes the same, or, at 
most, but slightly better results than a simple retort; being no more than equiva- 
lent to increasing the height of the sides of the retort itself, without introducing 
any control over the accuracy of the results ; the only advantage gained being, that 
these results are obtained somewhat more quickly. 
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In the new proce^, perfect control of tbe temperature of the 
vapors ia secured by simply conducting theae vapors upward 
tUrough a worm contained in a bath, aa, figs. 1 and 2, the tem- 
perature of which ia regulated by means of a separate lamp, b, 
fig. 2, or by a safety-furnace, p, as shown in fiz. 1. The bath 
may be of oil or water, or of melal for very high temperatures, 
as the case may require, and is furnished with a thermometer, t. 




That tfab bath may be equally adapted for the aeparatioD of 
liquids boiling below the common temperature, aa empty ves- 
Bel, c, figs. 1 and 2, is permanently secured in the interior of the 
bath by means of straps of metal across the top, to serve as a 
convenient receptacle for ice or iced water, by means of which a 
low temperature may be steadily maintained. The interior vessel 
also serves a good purpose in economizing time, and fuel in 
heating the bath, as it diminishes the quantity of oil required 
to cover the worm. It is made to extend to within about three 
inches of the bottom of the bath, and large enough to fill the 
greater part of the space in the center of the coil. The bath 
and interior vessel are tx>th made of sheet-copper, with joints 
brazed so that they will bear a high temperature. I generally 
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use, also, co}>per worms, especially in the earlier distillations, 
the quantities then operated upon being larger, as such worms 
are conveniently procured, and not liable to break. In the 
larger-sized apparatus, the tube of which the worm is made 
measures ten feet in length and half an inch in diameter. I 
have tried several lengths of worm and several diameters of 
tube, but not, as yet, with any special view of determining the 
precise proportions, in relation to the size of the retort, which 
would be best adapted to the purpose. There appears, however, 
to be nothing gained by increasing the length of the worm be- 
yond what is required to reduce the temperature of the vapors 
to that of the bath. I have in use three sizes of apparatus: 
the largest has a copper worm 10 feet long and -J inch bore; 
the medium size, a worm 5 feet long and f inch bore ; and the 
smallest size, for very small quantities, a worm 1 foot 6 inches 
long and \ inch bore. Each of these has been found to answer 
a good purpose. The distillation may be conducted in a glass 
flask, or more conveniently in a glass retort of the form shown 
at c?, figs. 1 and 2. The body of this retort, as appears in the 
figure, is of the form of the corresponding part of the commoi 
retort ; but which, in place of a long necK, has only a d 
tubulure, e, in the side, for escape of the vapors, and am 
tubulure, f^ in the top, which contains the thermoxneteri 
through which the retort is charged. 

In the larger apparatus the retort is connected with the \i 
end of the elevated worm by means of a glass tube of 
the same diameter as the end of the worm. One end of 
tube enters the retort at the lateral tubulure through* a pei 
rated cork, and the other end is joined to the end of the woi 
either by being firmly bound with a strip of cloth thickly co^ 
with vulcanized caoutchouc, — such as is found in commeroe^- 
or by means of a perforated cork, which is made to fit the ea( 
of both tubes as snugly as possible, and then tightly pressed 
gether upon the joint by means of an iron clamp, as shown 
7, fig. 2. This clamp is figured on a larger scale at E. Ab 
is highly important that all joints in the apparatus shoold 
perfectly tight, inasmuch as the least leakage, when continai 
a long time, would cause, in the aggregate, a serious loss of ixai\ 
terial, I would call special attention to the clamp joint aatl 
best which I have tried. Before falling upon this device I hi 
used exclusively the vulcanized caoutchouc joints, which 
found to answer a good purpose, in most cases, except that thi 
required too frequent renewal. I have found the cloth co^ 
with vulcanized caoutchouc preferable to the common caoi 
chouc tubing. In the smaller sizes of apparatus I have the 
of the worm itself project far enough from the bath to com 
directly with the retort by means of a perforated cork, without 
the use of an additional connecting tube. 
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The upper end, A, of the elevated worm is brought out througli 
the side of the bath at a point about three inches below the top ; 
so that, when working with a low temperature of the bath, the 
worm may still be completely coveredT with oil, and also give 
sufficient space above the worm for the expansion of the oil 
when higher temperatures are employed. To avoid contami- 
nating the atmosphere of the laboratory with the disagreeable 
fumes which are given off, in large quantity, from such a mass 
of heated oil, the top of the bath is tightly closed with a sheet- 
iron cover, from which a small funnel. A, fig. 1, conducts these 
fumes to a chimney. 

In the larger apparatus, the vapors which succeed in passing 
through the heated worm are conducted downward into a cooled 
worm contained in a bath of water, tV, fig. 2, and the liquid pro- 
duct is collected in the receiver, h. The cold bath, zV, contains 
two condensing worms, — one for each apparatus, — and is large 
enough to condense for both without the necessity of renewing 
the water. I have represented two apparatuses combined, as it 
will be found more economical of time to operate with two at 
once. In the smaller apparatus, for the table, a Liebig con- 
denser may be conveniently substituted for the cold worm, as 
shown in fig. 1. 

For collecting liquids which boil below the common tempera- 
ture, when such are present, I attach a refrigerator, B, fig. 2, 
which is provided with two block-tin condensing-tubes, — one 
for each apparatus. These are bent in a zigzag form, and at- 
tached to the inner sides of the refrigerator. The lower ends of 
the tubes extend through the end of the refrigerator far enough 
to form a convenient connection with the second receiver, l^ fig. 
2, which communicates with the first receiver, A, by means of 
the glass tube, m. 

In order to successfully collect and condense the vapors of 
such extremely volatile liquids as are now under consideration, 
it is of course indispensable that the apparatus should be con- 
structed with very tight joints ; and for greater convenience, 
but more especially to prevent breakage, such of the joints as 
require to be frequently taken apart should be made flexible. 
A very convenient and perfectly tight joint of this kind may 
be made as follows : — the short stationary tube, n, in the cork 
of the receiver, i, fig. 2, is made with the opening somewhat di- 
vergent upward; the end, o, of the worm is enough smaller 
than the inside diameter of the upper end of the tube, «, to 
leave room for a piece of caoutchouc tube to be drawn over it, 
and still admit of its being inserted in the end of the tube, n; 
the flexible tube is drawn on far enough to prevent the drops 
which form on the end of the worm from coming in contact 
with the caoutchouc ; a perfectly tight and convenient flexible 
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joint is now made by pressing the tube, w, over the caoutchouc 
oov^ring of the end of the worm, o. The joints of the receiv- 
ers, U^ are made in the same manner. 

The vapors which escape condensation in w pass through the 
receivers, hk and 11^ to the refrigerator, B, which contains ice, or 
a mixture of ice and salt, are there condensed and fall back 
into the receivers, ll•s^ which should stand in a wooden vessel 
alsQ containing ice or a freezing mixture. The refrigerator, B, 
ie made with double bottom and sides, with an inch space be- 
tween, which is filled with pulverized charcoal. Being tightly 
covered, a charge of ice and salt will serve for a long day's 
operations without renewal. In this manner I have been able 
to collect, in considerable quantity, bodies boiling nearly at 0° 
C, and this from mixtures in which such bodies had been quite 
overlooked by previous investigators. 

It will be observed, on reference to fig. 2, that the larger dis- 
tilling apparatus is represented as standing in a brick fire-place, 
with brick- work, CC, a few inches high, built up in front ; and 
a sheet-iron apron, DD, folded above. This is for security against 
fire in ease of accident, either to the retort or hot bath of oil. 
As arranged, the contents of either or both of these could run 
out and burn without danger to the operator or the premises, as 
the brick-work in front would prevent the liquid from spreading 
beyond the fire-place, and the dropping of the sheet-iron apron 
would cause an additional draft, and thus insure the passage of 
the flames into the chimney. Instead of placing the apparatus 
in a fire-place, where that is not convenient, equal security 
against accidents may be attained by the use of my safety heat- 
ing-lamp," J, fig. 1, to heat the retort, and safetv-furnace, p, 
containing a Bunsen's burner, for heating the bath. The bot- 
tom of this furnace, and also a large part of the sides, is formed 
of wire gauze, such as described for the safety-lamp." The 
gauze upon the bottom need not be permanently attached to the 
furnace, but may be simply laid over an opening cut in the stool 
or board on which the furnace is to be placed ; if the furnace 
• be then set upon it, taking care that the joint shall be tight 
around the edge, nothing more will be required. A strip of 
vulcanized caoutchouc, about an eighth of an inch in thickness, 
is riveted around the edge of the opening for the door; against 
this the door tightly closes, so that no ignition can take place 
through the cracks which would otherwise remain under the 
edges of the door. 

For an apparatus to stand upon the table, the safety-lamp and 
furnace are especially desirable. I have also used them for the 
larger apparatus, placed upon the floor of the laboratory. As 

" This Jounial, 1862, [2], xxxiii, 276. " I^c c\%. 
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a practical test of the security whicb tbey afford, I may relate 
an incident which happened to myself. I had left the laboratory 
for a short time, with such an apparatus in full operation ; the 
retort containing nearly a quart of light petroleum Doiling below 
100° C. Having been detained longer than I expected, on re- 
turning I found the laboratory filled with the vapors of hydro- 
carbons ; and, on approaching the retort, found that the caout- 
chouc joint, connecting the retort with the elevated worm, had 
failed, and that the larger portion of the liquid had distilled into 
the room, having been mainly condensed in the upper worm, 
and conducted thence down the outside of th^ retort into the 
safety-lamp. This process was still going on, the lamp being 
highly -heated from the excess of fuel thus added to it, but no 
ignition took place outside the lamp. Although this experiment 
was rather injudicious, it furnishes a valuable test of the effi- 
ciency of the safety-lamp and furnace. 

Having described the apparatus, I now proceed to give such 
details of the method of conducting the separations as have 
been found, in my experience, most efficient and economical of 
time. In commencing with a crude mixture of unknown liquids, 
I deem it'advisable to operate at once on a tolerably large quan- 
tity of material, especially if the constituents are supposed to 
be numerous, and to omit chemical treatment till after the sepa- 
rations have so far progressed as to indicate the number and 
species of bodies present, and, approximately, their several boil- 
ing-points. 

Notwithstanding the precautions taken to avoid loss from 
evaporation and leakage, I have at times been surprised at the 
large waste of material which has been made apparent after a 
long series of operations. When it is considered, however, that 
the time required to make a complete separation of a very com- 
plex mixture of liquids must necessarily be very protracted, 
during which more or less of evaporation is constantly taking 
place, it will be a matter of no surprise that the loss is so con- 
siderable. The quantity of material required must depend also • 
on the proportions in which the various constituents are con- 
tained in the crude mixture, and upon their degree of volatility; 
but as these cannot be known a priori, it may suffice to make a 
single preliminary distillation of a portion of the mixture, from 
a tubulated retort, to ascertain the range of temperature within 
which it distills, noting at the same time the proportions which 
come over between certain temperatures; as, for example, below 
50° C. ; between 50° and 100°, etc. ; from these data one may 
judge pretty nearly of the quantity which it will be advisd)le 
to take. It is evident that, when very volatile bodies are pres- 
ent, even in considerable proportion, a aiuch larger quantity 
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would be required than if the material were but slightly vola- 
tile; as the waste in the former case, from evaporation, would 
be much greater. 

But in many cases it will be found that highly volatile bodies 
are present only in very small proportion, — e. g., in viscid pe- 
troleum like Bangoon tar, and in the products of distillation of 
fiome species of asphalt. In such cases, the requisite quantity 
to be operated upon, to obtain the most volatile constituents in 
sufficient quantity for anything like a complete study of their 
chemical relations, would be extremely large, — too large to be 
conducted in the laboratory, — and one would have to resort to 
the manufactory for the first distillation. I have dwelt at some 
length on this point, having experienced the disappointment 
"which one feels, after months of labor, on finding the products 
insufficient for his requirements, when the expenditure of a little 
more time, comparatively, might have given double the quan- 
tities obtained. 

In the first series of fractioning, I generally operate on succes- 
sive portions, of about one gallon each, of the crude material, 
and take off a fraction for every 20° C. rise of temperature of 
the retort. These fractions are preserved in well-stoppered bot- 
tles, and each carefully labelled with the temperatures between 
which it was obtained. The fractions for each fresh portion of 
the crude material, being collected between the same limits of 
temperature, are added to the corresponding products from the 
preceding operations, till enough of the crude material has been 
taken to insure, ultimately, a sufficiency of the pure products. 

In the commencement, not only of this but of all subsequent 
fractionings, when the temperature to which the bath should be 
raised is unknown, I first bring the liquid in the retort into full 
ebullition, so that a steady stream of liquid shall flow back from 
the end of the worm into the retort. I then carefully raise the 
temperature of the bath until the vapors from the retort pass 
through the heated worm so freely that the liquid, in condens- 
ing from them, shall drop with tolerable rapidity into the cold 
receiver. In order that this dropping may be continuous, it is 
necessary that the temperature of the bath should rise very grad- 
ually as the more volatile constituents of the mixture are taken 
c^; this is easily effected by carefully regulating the flame under 
the bath. 

It is advisable to boil the retort as rapidly as possible without 
choking the lower end of the heated worm with the returning 
liquid. As this choking would give rise to additional pressure 
in the retort, and consequently occasion abnormal elevation of 
the temperature, and possibly a rush of liquid into the receiver, 
and thus introduce irregularities in the work, excessive heat 
under the retort should be avoided. The first indication of 
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choking of the worm is a partial or entire stoppage of the stream 
of liquid which Dormally flows steadily from the end of the 
worm into the retort. Any interruption or unsteadiness of this 
flow would indicate too rapid ebullition. 

As a rule, other things being equal, the greater the difference 
between the temperature of the bath and that of the retort, the 
slower the products will come off, and the more effectual will be 
the separation. I think it possible, however, that the earlier 
fractionings may be conducted so slowly that the loss of time 
would more than counterbalance what might be gained by more 
thorough separation, and that equally good results may be more 
economically obtained by more frequent operations, somewhat 
more rapidly conducted. 

A striking illustration of the advantage to be gained by this 
process is presented by the fact that, during the first fractioning 
of a crude mixture, such as American petroleum or coal-tar 
naphtha, for example, the difference between the temperature of 
the bath and that of the retort may sometimes be as much as 
35® C, or even more. While, as the products become purer, 
this difference between the temperatures of the bath and retort 

Sroportionally decreases, till finally, in operating on a pure pro- 
uct, the temperature of the bath must be brought to within a 
few degrees of that of the retort, in order to bring the vapors 
through. But the amount of this difference is variable for dif- 
ferent bodies of equal purity. 

The first fractionings must necessarily be quite arbitrary; for, 
as a general rule, when operating on such mixtures as those just 
mentioned, neither the thermometer nor the quantities obtained 
for any given range of temperature will indicate any decided 
preponderance of any one substance. On the contrary, the tem- 
perature rises uniformly, and about the same quantity is gener- 
ally obtained for the same number of degrees of temperature 
throughout the operation. In other mixtures, in which certain 
bodies may seem to be present in much larger proportion than 
others, or in which there may be a greater difference between 
the boiling-points -of the constituents than in the cases referred 
to, — facts which would be indicated by the thermometer of the 
retort, and by the relative quantities of the products obtained, 
' — ^there might be something gained by exercising discretion in 
taking off fractions according lo these indications. 

In the second series of fractioning, the first or lowest fraction 
of the preceding series, which is large enough to operate upon 
by itself, is transferred to the retort, and brought into ebullition. 
The temperature of the bath is then adjusted as above described, 
and the distillation continued, the fractions obtained being placed 
in their appropriate bottles until the temperature of the retort 
shall have risen to, or somewhat above, the point at which the 
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second or next succeeding fraction of the first series may be 
supposed, or has been found by experiment, to boil. This frac- 
tion is then added to the residue in the retort, and the distilla- 
tion is continued as before. In the same manner, I proceed 
with the remaining fractions of the first series. 

All subsequent fractionings are similarly conducted. As the 
work progresses, however, the fractions are taken for a gradually 
decreasing number of degrees of temperature, until finally it 
becomes necessary, for the attainment of absolute constancy of 
boiling-point, to take off a fraction of every degree, centigrade ; 
and to continue thus to operate on these fractions, each repre- 
senting one degree of temperature, until the desired end is at- 
tained. ^ 

The operator will observe that, in each series of fractions, in 
which each fraction has been taken for the same range of tem- 
perature, the difference between the boiling-points of any two 
contiguous fractions is nearly the same as the difference between 
any other two contiguous fractions,— in other words, that the 
difference referred to approximates to a common difference 
throughout the same series. Once ascertained, this difference 
serves as a valuable guide in determining with sufficient accu- 
racy when to add the next fraction to the retort. By observing 
this systematic course, irregularities, from the improper mixture 
of products, may be avoided, and time thus economized. 

After a few series of fractionings, — sometimes after two or 
three, variable in number, according to the nature or complica- 
tion of the mixture, — it will be found that some of the fractions 
are considerably larger than others for the same range of tem- 
perature, indicating approximately the boiling-points of the sev- 
eral constituents. But fractions of constant boiling-point, or 
those, the boiling-points of which cannot be sensibly changed by 
further fractional condensation, are not obtained, as already men- 
tioned, till after repeated careful fractioning of every degree of 
temperature. When firactioning of every degree, it is import- 
ant to use every precaution to protect the thermometer from 
external influences, and to carefully apply the corrections for 
variations in the atmospheric pressure. This may even be de- 
sirable earlier ; but it is of so much importance in the case 
specified, that, if omitted, the operator would be liable one day 
to mix products which he had separated the day previous. 

In this way, certain larger fractions are obtained, which are 
not susceptible of further alteration in their boiling-points ; but 
there are yet considerable quantities of liquid in the intermedi- 
ate fractions, which still continue to change more or less in each 
succeeding operation. When the fractions of constant boiling- 
point have once been obtained, if it were not important to test 
for other bodies in the intermediate fractions, the operation 
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might here be suspended, provided the pure products already ob- 
tained should be large enough for the purposes required. 

But, in my investigations, I have undertaken to prove the neg- 
ative as well as the positive. I have attempted to carry the pro- 
cess of separation so far, that I might assert the absence of other 
bodies, as well as the presence of those obtained; and this 
clearing up of the intermediate fractions has generally been the 
most tedious part of the work. I have continued to operate 
upon these by themselves, until they also have become distrib- 
uted in regular course — no new bodies appearing — among the 
fractions of constant boiling point, or to such an extent that the 
intermediate quantities have become too small to admit of fur- 
^ ther continuance of the process. 

This process has been in constant use in my laboratory during 
the last three years. In this time it has been applied in the study 
of petroleums, coal oils, the more volatile parts of coal- and 
wood-tars, the essential oil of cumin, commercial fusel oil, from 
corn whiskey, and even to mixtures more complex than either 
of these. As the result of this long experience, I can say that, 
as regards bodies not decomposed by heat in distillation, I have 
not yet found a mixture so complex that it may not be resolved 
by this process into its proximate constituents so completely, 
that these shall have almost absolutely constant boiling-points. 
In repeated instances, even from petroleums, I have obtained 
these constituents so pure, that the contents of an ordinary 
tubulated retort charged with one of them has been completely 
distilled off without any essential change of temperature ; i. e., 
not to the amount of ^° C, the thermometer frequently remain- 
ing absolutely constant for more than half an hour, a constancy 
of boiling-point not exceeded by that of distilled water. This 
state of purity, I think I may safely assert, has never before 
been attained from such mixtures, by any system of fractional 
distillation. 

As I shall soon be prepared to present to the Academy de- 
tailed results of the investigations above referred to, I may omit 
further allusion to them on this occasion. 

I would remark, in conclusion, that it seems to me not im- 
probable that this process may ultimately prove to be of great 
value in the arts. It is not too much to anticipate that, when- 
ever the various constituents of the mixtures referred to shall 
have been separately and thoroughly studied in a pure state, 
some of them may be found to possess properties which will 
give to them great commercial value, sufficient to justify the ex- 
penditure necessary to separate them in large quantities. 
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Art. XLIL — Eocamination of Petroleum from California; by 

B. Silliman. 

The specimen of petroleum here described came from a natu- 
ral well or spring on the Simi estate in Santa Barbara county, 
California. It issues from rocks of the Tertiary Age. The dis- 
charge from this spring is sufficient to flow nearly two miles down 
the dry bed of the ravine in which it occurs. 

It is of a dark brown color, dichroic, thin and mobile as water, 
and of a faint naphtha odor, quite without offensive smell. In 
a thin tube it has a yellowish brown color by transmitted light, 
and obviously owes its dark color to its holding in solution a por- 
tion of the asphaltum with which it is associated. 

Its density is 0-861 at 15° C. or about 84-30° B. It bums, in 
its crude state, in a double current lamp, without smoke, with 
quite a bright flame and strong light for a few moments. After 

X^ *; or ten minutes the wick commences to coal, and after about 
n minutes it smokes and finally dies out. 
1000 c. c. of the crude substance were subjected to fractional 
distillation in a tubulated retort to which was adapted a thermom- 
eter and condenser. A condensible vapor appeared at 60^* C, the 
liquid simmered at 90° and boiled at 123°. 

Of the 1000 c. c. of crude oil there were distilled from glass 
up to the boiling point of 

Mercury, ...... 500 c c. 

In iron, 496 " 

Loss and coke, ..... 4 " 

1000 ~ 

This method of practical distillation gives, as is well known, 
very unsatisfactory results, as compared with the method of 
Warren.* As the experiment was, nowever, very carefully con- 
ducted by Mr. Peter Collier, of the Sheffield Laooratory, under 
my directions, it furnishes a good illustration of the differences 
arising solely out of an imperfect method of analysis, when prac- 
ticed on the same raw material. I therefore append the results 
in detail. 

The temperatures were noted by a mercurial thermometer the 
bulb of which was continually in the boiling liquid. 



20 C.C. Lad distilled at ISS^" G. 

40 " « " " 170 " 

100 " ** " " 177 " 

140 " " " ** 190 " 

160 " " " " 200 " 

200 " " " "213 " 

240 '* " " ** 223 ** 



260 C.C. had distilled at 234"" C. 
300 " " " " 250 " 
360 " " " " 266 ** 
400 " " " " 280 " 
450 " " " " 297 " 
485 " " ** " 820 " 



600 " " " " 370 " 

^ See thi8«7ol.« p. 827. 
Am. Joub. Sci.—Sscond Sbrixs, Vol. XXXIX, No. 117.— Mat, 1865. 
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When about 485 c. c. had passed over, the temperature rose 
very suddenly from 320° to 370'' C. 

The remaining 460 c. c. were distilled without noting temper- 
ature, in an iron retort, leaving a light carbonaceous residue. 

The successive fractions gave the following sp. ct. and explo- 
sive tests, the latter being the commercial standard, as marking 
the temperature at which the liquid exhales an inflanmiable 
vapor. 



1st, 


100 < 


3.0. 


2nd, 


100 


ii 


Srd, 


100 


a 


4th, 


100 


u 


6th, 


leo 


u 


6tb, 


100 


u 


7 th, 


60 


(( 


8th, 


100 


i( 


9th, 


100 


(( 



Sp. gr. 


Beaam^. 


Ezpl. test 


755 


65-77 


58* F. 


776 


61-80 


70* « 


793 


47-62 


100* ** 


816 


42-70 


166* " 


838 


37-83 


196* " 


867 


3208 


190* " 


872 


31-13 


1 90* " 


890 


27-79 


181*" 


900 


26-00 


171* " 


900 


26-00 


140* " 






10th, 100 " 

The color of these products varies from Nos. 1 and 2, which 
are quite colorless, through 3 to 7, which, commencing in 3 as a 
faint pink, become red in 6 and 7, while 8, 9 and 10 can hardly 
be distinguished in color from much of the better quality of 
crude oil flowing from the best wells, having the same change of 
color (dichroism) by reflected and transmitted light. The un- 
rectified products would arrange themselves thus by color — 

I. 1st, 2nd, 3rd, fractions. 

II. 4th, 6th, 6th, 7th, 

III. 8th, 9th, 10th, 

But in the actual conduct of the manufacture of this oil, I 
presume the distiller would make three divisions : 

1st, Light oil, including the Ist fractions, about 53-6* commercial. 

2d, Burning oil, " " 3 to 7 " " 38-5* " 

3d, Lubricating oil, " 8 to 10 " " 28-0* " 

By mingling a portion of the light oil with the heavier, it is 
probable that a product of about 60 per cent would be obtained 
suitable for illumination. 

The light oil and the burning oil are perfectly decolorized by 
the usual treatment with sulphuric acid and carbonate of soda. 
The light oil has a highly agreeable smell, and none of the other 
products possess any of the heavy and disagreeable odors com- 
mon in the petroleum products. The burning oil has a very 
high illuminating power, and fails to char or encrust the lamp- 
wick after an hour's burning. The explosive test is 155** F. 

The densities of various specimens of crude California petro- 
leum which I have determined *ange from 0*859 to 0*972, the 
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difference being apparently due to the greater or less degree of 
evaporation and oxydation of the products consequent on ex- 
posure to the warm air of a very dry climate. The specimens 
thus far examined from California are all from surface springs. 
When the oil is drawn from artesian borings the same change 
of density will undoubtedly be observed as in Pennsylvania. I 
found the surface oil of Oil Creek, in 1855, having a density of 
•880 to '885, thick in warm weather as thin molasses, and in cold 
"Weather quite viscid. The flow of wells in the same region is 
now quite thin, and has a density of '800 to '850. 

Appended are the results of Mr. Warren's examination of the 
same California oil now under consideration. 

** To Prof. Silliman, New Haven. 

" Dear Sir — ^The results of my examination of the crude California 
petroleum which you sent me through Messrs. Spear, Burke Sc Co., of this 
city, and which bore the seal of Messrs. Wyeth & Bro., are as follows : 

"Specific gravity at lYc. 0-864=33° Beaum^. 
1250 c. c. of the crude substance subjected to 
my process of fractional condensation, gave — ) « ./» 

41 c.c. of light oil between 93^ and lOO^C. V .^P^c^^c grav- 
43 " " " ** lOO'' and 140« C. ) '^^ """^ '^^^°- 

525 " Burning oil " 140° and 310° 0. sp. gr.=44° B. 

From this point the distillation was conducted in the ordinary 
manner from a common retort, no thermometer being used. 
270 " lubricating oil of sp. gr. 29^° Beaum6. 
293 " " " " 28° " 



1 172 c c. = 93*8 per cent of total product. 

" The residue left in the retort was dry cote. After treatment with 
sulphuric acid and alkali the light oil and the burning oil were nearly or 
quite colorless. The lubricating oil had a yellowish color. The odor of 
the burning oil was extremely agreeable, fully equal in this respect to the 
best kerosene or refined Pennsylvania petroleum. The other products 
were also entirely free from disagreeable odor, and indeed the same may 
be said of the crude oil itself. In this respect it is readily distinguish- 
able from the Pennsylvania petroleum. 

" The burning properties of the illuminating oil are not surpassed by 
any oil which I have seen. 

" What I have called light oil is not very volatile, and would not, I 
think, rank in the market as naphtha, at least not that taken between 
100° and 140° C. ; and it is my opinion that the burning oil would take 
the whole of the light oil, and still bear the commercial fire test. In that 
case some of the lighter of the lubricating oil probably might be run into 
the burning oil, so that the yield of the latter would be over 50 per cent." 

Boston, March 81, 1865.** 

* The specific gravity of the mixture determiued by me is 0*76S=:=68° Beaum6.^S. 
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1. On the determination of lime, — Fritzscbb has made the very simple 
et importaDt discovery that oxalate of lime may be easily and compkie- 

y converted into caustic lime free from every trace of carbonate by sim- 
ple ignition over a blast lamp. The tedious processes recommended in 
works on analytical chemistry, such as ignition with carbonate of ammo- 
nia, conversion into sulphate of lime, etc., become unnecessary, and will 
hardly be employed in future. The author used in his experiments a 
platinum crucible 33"n». in height and 2*7"™. in width at the top: the 
Ignition took place over a gas lamp consisting of six Bunsen's burners, (the 
ordinary Bunsen's blast lamp would doubtless answer even better). In 
four experiments Fritzsche obtained from known weights of oxalate of 
lime 99*9, 100*08, 100*08 and 99*98 per cent of the calculated quantity 
of lime. In all these experiments the ignition was not continued longer 
than 15 minutes. In a large platinum crucible, quantities of the oxalate 
not exceeding one gram could be rendered perfectly caustic in 15 min- 
utes, but 30 minutes were necessary for a quantity of more than 3 grams. 
Precipitated carbonate of lime was also completely converted into caos- 
tic lime by ignition, and the method, as giving results which are more 
accurate and more easily obtained than those of the older processes, will 
doubtless come at once into general use. — Journal fur prakt, Chemk^ 
xciii, 335. w. a. 

2. On the sulphur compounds of uranium, — Rkmele . has found that 
the brown precipitate which sulphid of ammonium produces in a solution 
of nitrate of uranium is neither sulphid of uranium nor a mixture of 
protoxyd of uranium and sulphur as was formerly supposed. The pre- 
cipitate changes rapidly when formed in an aqueous solution and becomes 
orange and then yellow. When formed in an alcoholic solution, the pre- 
cipitate is permanent and has the formula U2O2S, so that it is analogous 
to the well known chlorid UgOgCl. By boiling in presence of sulphid of 
ammonium the compound is easily decomposed into sulphur and hydrate 
of protoxyd of uranium. — Ann, der Chemie und Pharmacie^ III Supple* 
menthand^ p. 196. w. g. 

8, Note on the regenerative gasfurnaces of the brothers Siemens, — The 
regenerative gas-furnaces of the Messrs. Siemens are so interesting and 
suggestive that we make no apology for again calling attention to them, 
supposing of course that their general features are sufficiently familiar 
from the description given by Dr. Faraday, and quoted in the last num- 
ber of this Journal. Two points which appear to us of special import- 
ance are, first, the extremely high temperature which can be obtained and 
which in fact is limited only by the nature of the materials employed in 
the construction of the furnace, and secondly, the possibility of employing 
at will either an oxydizing or a reducing atmosphere. The brothers Sie- 
mens have already applied their furnaces to puddling and reheating, but 
we venture to predict for them a very extensive use in metallurgical pro- 
cesses. Thus, it is well worth while to determine by direct experiment 
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upon a large scale whether the rich iron ores of Lake Champlain, Lake 
Superior and Missouri, cannot be directly reduced to the metallic state by 
heating them to a sufficiently high temperature in the chamber of a 
Siemens furnace, and then changing the gaseous mixture in the furnace to 
a reducing condition. This would in fact be blooming upon a large scale, 
and would not improbably avoid the inconvenience and expense of bloom- 
ing in the small way, which in spite of the superior quality of the iron 
produced has been almost wholly superseded by the cheaper process of 
puddling. Experiment only can determine whether fluxes can be used 
with advantage in blooming in this manner, when poorer ores are em- 
ployed. Ores of copper could doubtless be roasted and reduced in furna- 
ces of this construction, and with some additions to the original plan, the 
sulphurous acid formed during the roasting might be directly converted 
into sulphuric acid in leaden chambers. But it is for the metallurgy of 
iron that the new furnaces will probably be found most advantageous. 
As the temperature attainable is extremely high, it may even be found 
practicable to melt the malleable iron formed by the direct reduction oi 
the ore, the walls of the fire-chamber being lined with lime as more refrac- 
tory than any fire-clay. But even if this rather bold suggestion should 
not be realized, it is at least probable that the earthy impurities of the 
ore would be reduced to a peculiarly fluid condition, so that the blooms 
could be easily treated under the hammer and brought into the form of 
malleable iron. For the rest, there is hardly a branch of manufacture in 
which heat is employed upon the large scale in which furnaces on the 
regenerative principle would not find an application. We suggest that 
small gas furnaces could be made upon the same principle for laboratory 
use and for various processes in the arts, using the ordinary city gas, how- 
ever, as fuel instead of gas produced by a special furnace. The high 
temperature obtained in Gore's gas-furnaces appears to be due to the 
heating of the air and gas before they mix in combustion. w. a. 

4. On some aluminum compounds. — Buckton and Odling have stud- 
ied the action of aluminum upon ethyl-mercury and methyl-mercury, and 
have thus obtained ethyl-aluminum and methyl-aluminum without diffi« 
eulty and in considerable quantity. Ethyl-mercury, or, as the authors 
term it, mercuric ethid, with an excess of clippings of aluminum, was 
heated for some hours in sealed tubes in a water bath, when the mercury 
was found to be completely displaced by the aluminum. After distilla- 
tion the aluminic ethid was obtained as a colorless mobile liquid which 
boiled at.194*' 0. and did not solidify at -18** 0. It evolved dense white 
fumes on exposure to the air, and when in thin layers took fire spontane- 
ously burning with a bluish-red edged flame, and producing an abundant 
smoke of alumina. Analysis gave nearly the formula K\2{0^11^)^ or 
AI4 (C^Hg)^. The vapor-density at 234® C. was found to be 4*6, the 
theoretical number for Al2(C4Hg)3 being 3*9, whence it would appear 
that the true molecular formula is Al2(C4Hg)3 and not Al4(C4lIg)Q. 
Water decomposes aluminic ethid with explosive violence. Iodine 
forms iodo-derivatives and iodid of ethyl. Oxygen gives a body appar* 
ently analogous to boric di-oxyethid. Aluminic methid was obtained 
as a colorless mobile liquid boiling at 130® C. and solidifying a little 
above 0® to a beautiful transparent crystalline mass. The liquid takes 
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fire spontaneously in the air. The formula of this body wa« found tolw 
Al2(C2H3)3, with which the vapor-density 2*80 closely agrees, the theo- 
retical number being 2*5. But the vapor-density was found to increase 
very rapidly as the temperature diminished, so that it is probable that at 
a temperature not far removed from the boiling point the molecular for- 
mula would be Al4(C2H3)g. The authors ask whether the observed 
vapor-density of aluminic chlorid may not corr^'spond to the high den- 
sity of aluminic methid, so that both may be anomalous and untrust- 
worthy for determining the general formulae of aluminum compounds. 
— Chemical News, No. 271, p. 61. 

6. On the density of the vapor of salammoniac, — H. St. Claire De- 
viLLB has repeated his important experiments on the density of the va- 
por of sal-ammoniac, and has replied to the objections made by various 
chemists to the conclusions drawn from his first researches. The author 
shows conclusively, by an ingenious piece of apparatus, that chlorhydric 
acid and ammonia, each heated to a temperature of 360^ C, combine with 
a sensible evolution of heat, so that at this temperature the vapor the 
density of which is taken cannot be regarded as a mixture of H CI and 
NHg, but must be admitted to be NH^CI, the vapor-density of which 
corresponds to 8 volumes (H:=2) and not to 4 volumes as in the case of 
other organic compounds. Deville suggests that the proof that no simple 
or compound substance corresponds for one equivalent to 1 or to 8 vol- 
umes rests with those chemists who make this assertion, and that until 
that proof is given the assertion amounts to a pure hypothesis. Among 
other difficulties, the following is suggested to the partisans of the so- 
called anomalous densities. 

(1.) Sulphydric acid forms with ammonia two distinct crystalline and 
volatile compounds, the formulae of which are respectively NH^S, and 
NH^S, HS. Sulphid of ammonium represents 4 volumes of vapor; its 
condensation is ^ : sulphydric acid and ammonia combine and remain 
combined at the temperature (for example 100° C.) at which we deter- 
mine the density of the vapor. Sulphydrate of sulphid of ammonium rep- 
resents 8 volumes of vapor; its condensation is nothing. If we suppose 
its elements separated at the temperature at which we take the vapo^ 
density (100° for example), we must admit that it separates into am- 
monia and sulphydric acid, NH3 and 2IIS, each giving four volumes and 
having 8 volumes as their sura. Now at this temperature the elements 
can only separate into sulphid of ammonium and sulphydric acid, giving 
the one 4 volumes and the other 2 volumes, the sum of which is 6. 
Hence, if the sulphydrate were decomposed at the temperature at which 
the vapor-density is taken, it ought to furnish 6 volumes, and as it fur- 
nishes in reality 8 volumes, it follows that it is not decomposed. 

(2.) In the case of bodies, simple and compound, which present vapor- 
densities variable with the temperature, it cannot be said that these den- 
sities would become normal if the temperatures could be sufficiently 
increased, because, as Deville and Troost have shewn, as the temperatures 
increase the vapor-densities diminish toward a constant limit, so that the 
coefficients of expansion must also become constant and differ insensibly 
from OMjOSe?. To admit that the coefficient of expansion of arsenic and 
phosphorus vapors may be different from this number, in order to show 
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that these vapors do not correspond to one volume (H=2) is to make 
an assumption which is inadmissible in the present state of science. — 
Comptes Hendus, lix, 1057. 

6. On tlie dispersion of light produced hy the rotation of the plane of 
polarization in quartz, — Stefan has given a beautiful metliod of forming 
a spectrum by means of the dispersion of the planes of polarization pro- 
duced by plates of quartz. A bundle of parallel plane-polarized rays of 
white light is allowed to fall upon a glass cone, the sides of which make 
with the axis an angle equal to the angle of polarization. The reflected 
rays are received upon a screen perpendicular to the axis of the cone and 
produce a circular sector in which the maximum intensity of light cor- 
responds to the rays, the plane of reflection of which is parallel to the 
plane of polarization. If we introduce a plate of quartz cut perpendicu- 
lar to the axis into the path of the bundle of incident parallel rays, the 
position of the maximum is different for differently colored rays, and the 
sector then exhibits the different colors of the spectrum. In this manner 
the dispersion of the planes of polarization is rendered visible. In the 
tame manner, if we receive the polarized bundle of rays transmitted by a 
plate of quartz upon a plate of spar cut perpendicular to the axis which 
gives in the analyzer a system of rings traversed by a black cross, each of 
the branches of this cross will be replaced by a sort of fan exhibiting the 
different colors of the spectrum. 

Measurements the details of which are not yet published have led 

Stefan to represent the rotations due to a plate of quartz 1°^">. in thick- 

8*1088 
ness by the formula q = — r- 1*697 

in which the wave length ^ is expressed in thousandths of a millimeter. 
From this formula we should deduce the remarkable consequence that the 
rotation would be zero for rays of a wave length equal to 0*002 186""^, 
and would change its sign when this limit is exceeded. — Ann, de Chimie 
et de Physique, [4], iii, 601. w. o. 

7. On combustion by invisible rays, — At the Newcastle meeting of the 
British Association in 1863, Dr. 0. R. Akin proposed three experiments 
by means of which, if successful, rays of heat could be converted into 
rays of light. One of these experiments consisted in converging the 
sun's rays by means of a concave mirror, then cutting off the light by 
** proper absorbents," and then igniting platinum foil in the focus of the 
invisible rays. Want of means appears to have prevented the execution 
of the proposed experiments ; but Dr. Tyndall, who had devised experi- 
ments of a similar character, and who had discovered a liquid possessing 
precisely the required properties, has recently succeeded in the conversion 
of rays of heat into rays of light in a very striking and instructive man- 
ner. Tyndall employed an electric lamp of Duboscq and a linear thermo- 
electric pile, the spectrum being formed by lenses and prisms of rock salt. 
As in the case of the solar spectrum, the heat was found to increase in 
intensity from the violet to the red, rising to a maximum beyond the red 
at a distance about equal to the distance of the green on the more re- 
frangible side. The curve of intensities rises beyond the red into a steep 
and massive peak, quite dwarfing the radiation of the luminous part of 
the spectrum. Water interposed cuts away the peak in part; the vapor 
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of water, according to Tyndall, would do the same, and this explains tbi 
difference between the heat-spectra of the electric and solar light, ths 
peak being much higher relatively in the former than in the latter caMi 
After several trials the author found that a solution of iodine in bisulphid 
of carbon, so opake as to cut off the light of the midday sun, was, within 
the limits of experiment, absolutely transparent to invisible radiant heat 
When the rays from the electric lamp were concentrated into a cone by 
means of a small glass mirror silvered in front, a cell containing the solu- 
tion of iodine absorbed the light completely, while the invisible rays of 
heat being brought to a focus set fire to paper, wood, charcoal and other 
substances. With a sufficient battery power a plate of platinized pla* 
tinum is rendered white-hot at the focus' of the invisible rays, and then 
yielda a complete and brilliant spectrum. The image of the carbon 
points of the electric lamp formed upon the platinum plate becomes visi- 
ble as the plate becomes red-hot, and a species of thermc^raph is ob- 
tained, as is well shown by drawing the points apart or causing them to 
approach each other, the red-hot image following the motion* In this 
ease the invisible rays of heat have their refrangibility raised in becoming 
visible, while in the case of fluorescence the invisible rays of light have 
their refrangibility lowered. Tyndall proposes to apply the term calwret- 
cence to the phenomena of heat in question, a term which is certainly 
preferable to the word '* calcescence" employed by Akin. We regret to 
see that a bitter personal controversy has been carried on in a prominent 
English scientific journal between Dr. Tyndall and Dr. Akin as to ths 
proprietary rights of each in the beautiful experiment above described. 
Into the merits of this controversy we cannot enter ; we may, however, 
be allowed to express the opinion that the experiment in question does 
not involve much originality of conception, but that it is a very simple 
and natural deduction from the experiments and results of Melloni upon 
smoked rock salt and upon the production of light without sensible heat. 
— Z. dt E, Phil. Mag., March, 1865, p. 241. w. a. 

8. On the Electrical properties oj Pyroxiline-paper and Gun-cotton; 
by Prof. J. Johnston. (In a letter to Prof. Silliman, dated Middletown, 
Conn., January 25, 1865.) — You did me the honor, a year ago, to pub- 
lish in the Journal a note of mine on the electrical properties of pyroxi- 
line paper and gun-cotton, adding an approving note of your own. Hav- 
ing lately had opportunity to make some further experiments with the 
same substances, I herewith send you the results. 

It is proper to say that both the paper and the cotton were prepared 
nearly a year ago, and may Have undergone some change, though noth- 
ing of the kind was apparent to the eye, except that one sheet of the 
paper used seemed at one place a little discolored. 

The substances experimented with were amber ^ sealing wax^ sulphur, 
gum laci pitch, rosin, caoutchouc (native rubber), hard rubber (stick ob- 
tained of Messrs. J. F. LuLme & Co. of New York), common vulcanized 
rubber (as used in forming gas bags), gutta percha, and various crystal- 
lized mineral substances. But these last, becoming always positive, will 
not be further alluded to. The sulphur by friction with the gun-ootton 
always became positive, and also by friction with different sheets of the 
paper, except in a single instance, when using the paper which was 
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slightly discolored, it appeared to be feebly negative. Kosin, pitch, 
gum lac, and amber, both with the paper and the cotton, became always 
positive, as did also the native rubber, by which I mean the rubber as 
it is imported. Sealing-wax with the cotton became always positive, 
but with the paper occasionally negative. Vulcanized rubber (the kind 
used in making gas bags) would sometimes become positive and some- 
times negative, and the same was true of gutta percha, two diflferent 
specimens being used. The hard rubber ^from Luhme & Co.) became 
always negative, both with the paper and the cotton. This being con- 
trary to the results obtained by yourself with this substance, I made 
very many trials, but always with the same result. 

In all cases after friction with other substances, whether the latter 
became positive or negative, the paper and cotton would be found in- 
variably negative. Sheets of the paper, when handled, especially in 
cold, dry weather, often become highly excited, — always negatively, so 
far as has been determined ; and my son informs me that sometimes, 
when handling considerable quantities of the recently prepared paper, 
he was even fearful that it might become ignited by the sparks pro- 
duced ! 

I will just remark in closing, that in making experiments like these, 
great care is required in order that the results arrived at may be satis- 
fectory. This is particularly the case when it is necessary to rub a 
substance, as a roll of sulphur or a stick of sealing-wax, successively 
with different substances, some of which give the positive and others 
the negative electricity. Occasionally it will be found that the sub- 
stance will be positive at some points and negative at others ; and in 
such cases the only way is to lay the particular specimens aside until 
they shall have returned to their natural condition at all points. Some- 
times a substance when first rubbed, after having remained undisturbed 
twenty-four hours or more, will take on one electricity, but, by continu- 
ing the friction a very little time, it will take on the other. Thus, a 
istick of sealing-wax in its natural state, when gently rubbed, one or two 
strokes^ with a silk handkerchief, will often be found decidedly positive, 
but by a few strokes more it will become as decidedly negative ; and it 
cannot be made positive again by friction with silk until allowed by re- 
pose first to return to its natural state. 

II. MINERALOGt" AND GEOLOGY. 

1. On Tin Ore at Durango in Mexico ; by Prof. C. F. Chandler. — 
I have recently examined a sample of 1450 grams of tin ore from Du- 
rango, and find it to be a handsome "wood tin" in pebbles and fibrous 
crusts, some of which are an inch in their longest diameter. The color 
varies from a very light brown to black. 

Associated with the cassiterite, there are brilliant crystals of topaz, 
some of which are half an inch long. They vary from transparent to 
opaque, and from colorless to deep brown. I have not been^able to 
examine them very closely, but have noticed the planes 0, /, t2, and 2. 
Owing to the development of the planes t2 and 2, and their rich brown 
color, some of the crystals might easily be mistaken for cassiterite. 
Am. Joub. Scl— Second Sbbibs, Vol. XXXIX, No. 117.— Mat, 1865. 

45 
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The sample examined gave— 

Tin (by crucible assay), - - - - - 50*90 

Topaz crystals easily separated by the process, • • 8*10 

Other topaz crystals, too small to be easily separated, * 1*00(1) 
Oxygen and impurities (by difference), ... 45*00 

100-00 

The material used for the assay was very carefully averaged, by pul- 
verizing about 500 grams of the ore, after the topaz crystals had been 
separated. A correction was subsequently made in the result of the 
assay corresponding to the quantity of topaz removed. 

School of Mines, Columbia College, N. Y., Dec. 23. 

2. Note by F, B, Meek and A, H, Worthen in relation to a genus of 
Crinoids from the Coal-measures of Illinois and Nebra^ka^ proposed by 
them on p, 174 of the last number of this Journal, — ^At the time we pro- 
posed the name Erisocrinus for this genus, we were not aware thai M. 
Koninck had described it under the name Philocrinus in 1863, among 
some Carboniferous fossils from India (see Memoire sur Foss, Palceozo- 
iques Mecueillis dans L^Inde^ p. 21. Liege, 1863). Owing to the fact that 
Mr. Konin^'s figure, (probably from the wearing of the stone from 
which the impressions were taken,) does not show the basal pieces, nor 
distinctly their connection with the subradials, we had overlooked the 
generic identity of the American and Indian species. On comparison 
with his description, however, it becomes evident that our Crinoid agrees 
exactly in its generic characters with his. This being the case, we 
cheerfully withdraw our name, and arrange our species, which differ 
specifically from that described by him, under his name. In doing this 
it also becomes necessary to change one of our specific names (F. typus), 
since it is not the typical species of Koninck's genus. Hence our spe- 
cies may be called Philocrinus pelvis and P, Nebrascensis, 

It is worthy of note that Mr. Koninck's figure of the arras and sec- 
ondary radial pieces of this type, together with its other characters,, 
show it to be closely allied to the still older genus Bursa^rinuSy Meek<k 
Worthen, 1861, which only differs in the possession of an anal piece, 
and the consequent truncation of one of the subradials. 

3. On the Oil Formation in Michigan and elsewhere ; by Prof. A 
WiNCHELL, of the Michigan University. From a report on the "Baker 
Tract," near Lakeport, St. Clair Co., Michigan. 8 pp. 8vo. Detroit, 1864. 
— In most of the Northwestern States occurs a formation which has been 
known among American geologists as the Black Slate or Black Shale. 
It is well known in Ohio, Indiana, and Kentucky, and extenils also into 
the surrounding States. It was formerly supposed by Prof. Hall, to be 
the western representative of the "Marcellus Shale" of New York; but 
the researches of western geologists tend rather to prove its equivalency 
with the •* Genesee Shale" of New York. The color of the rock is due 
to the presence of a large amount of carbonaceous or bituminous matter, 
believed to be derived from the vegetation of the period in which the 
shales were deposited. 

Similar black shales were brought to light by Dr. Houghton, many 
yeai-s ago, in the lower peninsula of Michigan ; and the opinion was ex- 
pressed by him and by Mr. Hubbard, his assistant, that these shales were 
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of the same geological age as the black slate of Ohio and Indiana. The 
same formation was subsequently described by Mr. Murray, of ihe Canada 
geological survey, as making its appearance at various points in Canada 
West; and the geologists of that survey speak of the formation as con- 
stituting the principal part of the "Hamilton group" as known in Can- 
ada. In the prosecution of the geological survey of Michigan, I enjoyed 
the opportunity to establish, by direct comparisons, the identity between 
the Black Slate of Michigan and that of Ohio and Indiana, and, by 
proving that it lies stratigraphically above the limestones of the Hamil- 
ton group, have established its distinction from the Marcel lus shale, and 
co-ordinated it with the Genesee shale of New York. It is locally known 
as the Huron Group, 

The geographical distribution of this formation in Michigan, will be 
seen by a reference to my Report for 1860, The strata along the eastern 
slope of the lower peninsula of Michigan dip westward beneath the Car- 
boniferous rocks of the interior. This dip, however, is extremely slight, 
and the Huron group does not terminate at the waters of Lake Huron 
and the river St. Clair. It prolongs itself eastward, and overlaps the 
angle of Canada West, finally thinning out along a line extending from 
the mouth of Maitland river to a point on the Great Western Railway, a 
few miles east of Both well. 

The lithological characters of the formation are but little varied. 
Throughout its entire thicknesss of 600 or 700 feet, it is argillaceous and 
generally bituminous. The most bituminous and darkest colored por- 
tions seem to be situated near the bottom of the group. We know, at 
least, that they are not near the upper part of the group. Other porr- 
tions of the series consist of bluish, argillaceous shales and plastic clays^ 
ranging in color from bluish to whitish. Numerous bands of sandstone, 
and of arenaceous magnesian limestone, from four to eighteen inches in 
thickness, occur irregularly in the middle and upper portions of the 
group. Bands of iron pyrites, of local extent, but sometimes from one 
to six inches through, are found imbedded in the shales and clays. The 
"black slate" proper, of the series, ia freely combustible; and in some 
cases, where fire has been communicated by accident to outcropping 
masses, the combustion has survived for months. By distillation, this 
shale afibrds petroleum and all the related compounds. Its appearance 
at the surface is generally regarded as an indication of coal, and many 
serious disappointments have resulted from ignorance of the fact that the 
"black slate" is several hundred feet beneath the coal measures. 

The bituminous shales of this group of rocks are generally considered 
to be the source of most of the native petroleum of the Northwestern 
States. It is the opinion of Dr. T. S. Hunt, of the Geological Commis- 
sion of Canada, that the product issues from a bituminous limestone — 
the Corniferous limestone — next underlying these shales; but though this 
limestone may unite its exhalations with those of the Huron group, it 
seems more probable that the latter supplies the principal amount of the 
bituminous flow. It is also asserted that, at least in a few cases, petrole- 
um is eliminated in quantities of commercial importance from the rocks 
embraced in the coal measures. 

Wherever the oil-prodjucing shales are exposed to the air, or covered 
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by a porous medium, the product of the alow spontaneous distillation 
going on escapes into tliA atmosphere, and is lost. Where the shales are 
covered by an impervious layer, as of shale or plastic clay, the oil and 
gas elaborated are retained in the rocks, filling cavities by driving the 
water out by elastic pressure, and saturating porous strata embraced in the 
formation, or intervening between it and the impervious cover above. In 
the oil region of Ohio and Pennsylvania, an overlying sandstone becomes 
the reservoir in which these products are accumulated ; and the oil wells 
of that region consequently terminate in that sandstone without pene- 
trating to the original source of the oil. Throughout the oil-producing 
region of Canada and Michigan, this sandstone is wanting, but the 
destruction of the outcropping shales by geological agencies has created 
an immense deposit of argillaceous drift material, which forms an im- 
pervious cover for the petroleum beds. In Enniskillen the lower portion 
of this drift deposit is rendered somewhat porous by the presence of 
gravel, and this, in consequence, has become saturated with oil in the 
same manner as the overlying sandstone of Ohio and Pennsylvania. By 
boring into the rock, however, a lighter and purer oil is found surcharg- 
ing the beds of sandstone and arenaceous limestone by which the group 
is intersected. It is found that the quality of the oil improves with the 
depth from which it is obtained. That drawn from the drift gravel lying 
upon the surface of the rock, is dark, thick, and impure, and commands 
but a moderate price for purposes of distillation. It is now principally 
employed for lubrication. 

Though it is not yet actually demonstrated that rock oil exists in Mich- 
igan in quantities of economical importance, we possess every favorable 
indication which has ever been discovered in the prosecution of this new 
branch of industry. In the first place, the topography of the oil region 
of Michigan is identical with that of Enniskillen. The surface is level, 
rather low, and inclined to dampness. The soil is thin, argillaceous and 
indifferent for agricultural purposes. The forest growth, nevertheless, is 
dense and luxuriant, consisting of Beech, Hard Maple, Swamp Elm, and 
Black Ash, with occasional trees of White Ash, White Oak, Hickory, 
Sycamore, &c., interspersed. The water in the vicinity of the oil mani- 
festations is of a dark color. Black river of Michigan seems to be the 
counterpart of Black creek of Enniskillen. It would seem evident that 
the color of the water in both cases must be due to some constituent of 
the crude oil ; and yet a chemical examination of the water of Black 
river taken at Port Huron, did not sustain my expectations. It should be 
tested six or eight miles further north. 

When we compare the more direct indications, the resemblance is 
equally complete. The oil region of Michigan abounds in " gum beds,^ 
or masses of inspissated oil, some of which have hardened to the char- 
acter of asphalt. The oil is still issuing, and it shows itself on the sur- 
face of standing water everywhere throughout the Baker tract. More- 
over, inflammable gas, the almost infallible criterion of an oil district, ex- 
ists in very great abundance, and, in several instances, has been known 
to escape with noise and violence from the bottom of wells. In one in- 
stance the jet, when lighted, illuminated the country over a radius of four 
miles, and the sound was like that of steam escaping from a high-pj-essure 
engine. Many similar cases have occurred. 
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Whatever differences exist between the geological indications observed 
in the two regions are rather in degree than kind ; and the advantages are 
undoubtedly on the side of the Michigan region. Canada West is located 
upon the thinning outskirts of the forroation ; Michigan embraces the 
great mass of it. And, in the abundance of gas emitted from the under- 
lying rocks, the Enniskillen region bears a very unequal comparison. 

It is quite possible that no porous stratum will be found in Michigan 
reposing upon the surface of the rock. Its occurrence i^ accidental any- 
where. Should it be found wanting, and *'*' surface oil " consequently 
wanting, this fact would not have the slightest beanng on the probability 
of oil in the rocks below. 

I have stated that the Huron group, or Oil formation, extends contin- 
uously from the peninsula of Michigan into the peninsula of Canada 
West. To embrace both regions under one designation, they might be 
spoken of as the Peninsula Oil Region, It is not to be imagined that 
oil will certainly be obtained at all points within this region. It may be, 
but probably will not Slight undulations are liable to exist in all strata 
so nearly horizontal as those of the two peninsulas. The volatile ema- 
nations from the strata would therefore accumulate under the highest 
arches. Possibly one of these arches runs nearly north and south through 
the Canadian region, from Bothwell to Petrolea, and beyond, while an- 
other underlies the district of petroleum manifestations on the Michigan 
side of the river. For the present, it would be safest to confine large ex- 
penditures to the immediate vicinity of this belt of indications. 

In the transverse section across the strata, already referred to, an at- 
tempt has been made to show in what way the oil-bearing rocks may 
rise in two or more gentle undulations, thus inducing the oil and gas to 
accumulate along geological axes, and become restricted to belts of 
country of limited width. 

4. Account of some new or little known species of Fossils from rocks 
of the age of the Niagara Group, From the 18th Report on the New 
York State Cabinet; printed in advance of the Report, and issued Janu- 
ary 1865, by Prof. James Hall. 48 pp. 8vo, with many illustrations. — 
These pages contain descriptions of a number of new species of Cysti- 
deans, with figures of seven of them, and of several Crinideans, Trilo- 
bites, and various Mollusks. The following important remarks on the 
age of the Gait or Guelph limestone of Canada, and Leclaire beds of 
Iowa, and their relations to the New York Niagara group, form an intro- 
duction to the paper : 

In the study of the fossils of the Niagara group and associated strata, 
previous to the publication of the final report on the Fourth Geological 
District,^ and also to the publication of the second volume of the Pale- 
ontology of New York, I separated a few species found in the impure 
drabcolored limestone from Wayne county, New-York. 

The limestone containing these fossils became exposed only in the bed 
of the canal during its excavation ; and the low country, or deeply drift- 
covered surface in the vicinity did not admit of any exposure of the 

' The same reference of species had in fact been made daring the Geological 
Survey ; and they were thus published in the Report on the Fourth Geological 
District in 1848. 
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rock in place. The materials were thrown out of the excavation in con- 
nexion with the soft marls of the Ooondaga-salt group, and the speci- 
mens of rock containing the fossils preserved the peculiar celluliferoQs 
structure and characteristic color of the argillaceous limestone of that 
formation. Differing so especially from any known beds in the Niagara 
group, I did not hesitate to refer them to the Onondaga-salt group, since 
there was no evidence of any other formation in the neighborhood. 

Throughout the State of New York, the country along the junction of 
the Niagara and Onondaga-salt formations is low and level, or covered 
by drift accumulations ; and no opportunity oflFered of discovering any ex- 
posure of similar beds along the course of the outcrop. In some places in 
Monroe county, we have been able to trace the two formations to within 
a few feet of their contact with each other ; but no fossiliferous beds, simi- 
lar to those of Wayne county, have been found. At a later period,* my 
attention was called to some peculiar fossils collected at Gait, in Canada 
West ; and in visiting the locality, I discovered some pieces identical with 
those before known, from beds which I had regarded as of the Onondaga- 
salt group in New York. As this limestone at Gait [and Guelph] was 
clearly above the great Niagara limestone of the Falls, and contained an 
almost entirely different set of fossils, I very naturally inferred that it 
belonged to the next higher formation, or the Onondaga-salt group ; and 
that the Wayne county locality was a feeble representation of the lime- 
stone of Gait.' For these reasons the two were treated as identical, and 
referred to the age of the Onondaga-salt group ; an opinion at that time 
sustained by the members of the Canadian Geological survey. 

At a later period, during the Geological Survey of Iowa, I recognized, 
at the Leclaire rapids on the Mississippi river, a limestone holding the 
same relative position, having the same lithological character, and con- 
taining some identical and many similar fossils with the limestone of 
Gait or Guelph in Western Canada ; and I thus announced its apparent 
relations in the Report on the Geology of Iowa. 

*• Should the identity of the limestone of these two distant localities 
be proved, it will afford sufficient ground for separating these beds from 
the Onondaga-salt group, and for establishing a distinct group. It seems 
quite probable that the limestones of this period have their eastern ex- 
tremity in Central New York, where, from their small development, as 
well as from similarity of lithological character, there seemed no suffi- 
cient ground for separating them from the non-fossiliferous beds of the 
Onondaga-salt group.* Since, however, in Canada, these beds attain 
considerable importance, and (admitting the conclusions above given) 
acquire a still greater thickness and more distinctive character on the 
Mississippi river, it seems necessary to elevate them to the same rank as 
the other groups of the series." Geology of lowa^ vol. i, p. 75, 1857. 

' After a considerable part of vol. ii had been printed. 

• The name Gait being considered objectionable, on account of a similar term 
already in use, and the same rock occurring also at Guelph, it has been called the 
** Guelph formation," in the nomenclature of the Geological Survey of Canada. 

* My views regarding the presence of the Onondaga-salt group proper in Wiscon- 
sin and Iowa have somewhere been called in question, and I have only to remark in 
this place that I have seen no reasons on my own part, nor facts adduced on the 
part of others, to change my opinion in reference to the occurrence of this forma- 
tion in the localities I have heretofore cited. 
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Some two or three years later, I explored the geology of the central 
and eastern portions of Wisconsin and the adjacent parts of Illinois. I 
here found the limestone of Racine, and a part of Waukesha and some 
other localities, resembling in all respects that of Leclaire, and holding 
many of the same fossils. It is likewise underlaid by the even-bedded 
darker-colored limestone, bearing Halysites catenulatus, Pentamerus ob- 
lonyus, and many large Orthoceratites, which are everywhere regarded 
as evidence of the Niagara age. I could not hesitate, therefore, to par- 
allelize the succeeding beds with the limestone of Leclaire, though we had 
failed to trace it across the country in a continuous outcrop. At the 
same time, on critical examination of the collection of fossils made at 
Racine and at some other points, I detected many species known as char- 
acteristic of the Niagara formation in the State of New York, requiring 
its recognition as a member of that group (rather than of the Onondaga- 
salt group), and uniting with it, as identical in position, the Leclaire 
limestone.* 

At the same time, we have recognized, from Racine and adjacent local- 
ities, including Leclaire in Iowa and a single locality in Illinois, the fol- 
lowing species which are identical with, or are very closely allied to, 
those from Gait in Canada West : Pentamerus occidentalism an Obolus- 
like fossil, a Favosites and a species of Amplexus which are identical in 
several localities, Cyclonema sulcata^ Murchisonia Logani^ Murchisonia 
identical with or closely allied to M, mylitta (Billings), an undescribed 
Murchisonia from Racine identical with one from Gait, Subulites ven- 
iricosGj Pleurotomaria solaroides? Loxonema longispira^ besides other 
forms which are closely allied to species of the Guelph limestone. 

An examination of several localities in Wisconsin shows that this pe- 
culiar fossiliferous limestone is very unequally distributed. At Racine 
it has a very considerable thickness ;' while ift other places, either from 
denudation or other causes, it is very thin, or even absent. In some 
places in the vicinity of Milwaukee and Waukesha, there are indications 
of beds of passage from the regularly bedded limestones below to the 
unequally bedded rock above. There appears, indeed, very good evidence 
of the irregular or unequal accumulation of this higher rock in many of 
the localities along a considerable portion of the outcrop ; and where the 
lower part of the formation comes to the surface, the upper rock does not 
appear to be developed. I am therefore induced to believe that this 
limestone at Racine, the mass at Leclaire and extending thence into 
Iowa, as well as the Guelph formation in Canada and the feeble repre- 
sentation of the same in New York, are really lenticular masses of 
greater or less extent, which have accumulated upon the unequal surface 
of the ocean bed in a shallow sea during the latter part of the Niagara 
period. These isolated masses of limestone have close relations with 
each other, while their relations with the Onondaga-salt group, though 
very intimate in the single locality in Central New York, become less and 
less conspicuous in a westerly direction. 

* Report on the Geology of Wisconsin, p. 67, 1861. 

' I am inclioed to believe that I have overestimated the thickness of the lime- 
stone at Leclaire from the presence of lines of fedse bedding, but I have had no op- 
portunity for a re-ezamination of the locality. 
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5. Observations an the Geology of Southern New Brunswick, made 
principally during the summer of 1864 by Prof. L. W. Bailst, gnd 
Messrs. G. F. Matthew and C. F. Hartt, prepared and arraDged, with a 
geological map, by L. W. Bailey, A.M., Prof. Chem. in the Univ. of 
New Brunswick, (fee. Printed by order of the House of Assembly. 160 
pp., 8vo. Fredericton, 1865. — In this Report, the distribution of the 
formations is given, with many details as to structure, fossils, geological 
relations, and economical products. The formations included are the 
Paleozoic, with the Azoic below th^e, and the Triassic Red Sandstone 
above, together with Post-tertiary beds. The Report contains a large 
colored geological map, showing the limits of the out-cropping rocks. 
The outcrops are nearly parallel with the coast, or about N.R by K in 
direction. The Azoic is in the region of Portland ; and at St. Johns, be- 
tween it and the Bay of Fundy, occur Primordial rocks, affording, accord- 
ing to determinations by Mr. Hartt, Paradoxides and other characteristic 
fossils, besides some Brachiopods. Mr. Hartt observes upon these fossils : — 

** Representatives of four genera of Trilobites have been obtained thus 
far from the Saint John rooks, viz : — Paradoxides, Conocephalites, Ag- 
nosius, and a new genus? allied to Conocephaliies. 

The number of species in each genus has not yet been satisfactorily 
made out ; but of Paradoxides there are at least five, of Conocephalites 
seven, and of Agnostus and the new genus each one. 

All the species appear to be new. One of the Paradoxides bears a 
close resemblance to P, rugulosus, Corda, from the JStage C of l^arrande, 
in Bohemia, and one of the Conocephalites is allied to C. coronatus, 6a^ 
rande, from the same fauna and horizon, though neither is identical with 
the European species. 

There are six species of Brachiopoda, belonging to the genera Orthis- 
ina, Discina, Obolella, anfl Lingula, I have not been able to identify 
any of the forms with described species. 

Though all the species from the Saint John group are apparently new, 
yet the occurrence of Paradoxides and Conocephalites, genera confined 
entirely to the so-called Primordial fauna of Barrande, and everywhere 
characteristic of it, together with the strong likeness borne by the Saint 
John species, in their facies, to those of the same genera of the faunae of 
the " Primordial " in Europe and America, enable us unhesitatingly to 
assign to the Saint John group, or at least to that lower part of it which 
has afforded Trilobites, a geological position equivalent to Barrande^s 
Etage C, or to the Potsdam proper of America. 

The lower part of the Saint John Group, at Coldbrook, has been 
divided by Mr. Matthew, on lithological grounds, into three Bands, viz: 

No. 1. The lower or arenaceous band, with no determinable fossils, and 
constituting passage beds from the Coldbrook Group. 

No. 2. Argillaceous shales, rich in fossils, Paradoxides, Orthisina^y 
Conocephalites, Obolella. 

No. 3. Carbonaceous shales, full of fossils, Paradoxides, Conocephal- 
ites, Orthisina, Discina, <fec., all much distorted." 

Prof. Bailey, speaking of the Alhertite, states that in his opinion and 
that of Mr. Matthew, " it is neither coal nor jet, but an oxydized oil, de- 
rived from the decomposition of fish remains, and subsequently changed 
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hj chemical action/' giving as reasons the position and constitution of 
the material, the nature of the adjoining rocks, and the fact that " springs 
containing oil are not uncommon throughout the district in which the 
Albertite is found." 

6. On Devonian Insects from New Brunswick ; by S. H. Scudder. 
(From a communication addressed by Mr. Scudder to Dr. C. F. Hartt, 
of New Brunswick, dated, Boston Society of Natural History, January 
11, 1865.) — I have made as careful an examination as my present cir- 
cumstances will permit of your nlost interesting collection of the fossil 
remains of insect-wings from Lancaster. There are ten specimens in all, 
eight of which are reverses of one another, thus reducing the number to 
six individuals ; of these, one, a mere fragment, belongs, I think, to the 
same species as another of which the more important parts of the wing 
are preserved, so that we have five species represented among these De- 
vonian insects, and these remains are all, I suspect, composed of portions 
of the anterior wing alone. The data being thus fragmentary, the con- 
clusions cannot be quite so satisfactorily determined as we could wish, 
but we can still discover enough to prove that they are of unwonted in- 
terest. Besides the peculiar interest which attaches to them as the ear- 
liest known traces of insect life on the glohe^ there is very much in them- 
selves to attract and merit our closest attention. 

One of them is a gigantic representative of the family of Ephemerina 
among Neuroptera, some three or four times the size of the largest spe- 
cies now living with which I am acquainted. 

Another borrows some striking points of the peculiar wing-structure 
of the Neuropterous family Odonaia, and combines with them those of 
families remote from that, and even belonging to a distinct section of the 
Neuroptera, exhibiting to our view a synthetic type which combines in 
one the Pseudoneuroptera and the Neuroptera, and represents a family 
distinct from any hitHerto known. 

Other fossil insects, found in Carboniferous concretions in Illinois, and 
described in this Journal ([2], xxxvii, 34), which Profesbor Dana has 
kindly allowed me to evamine,^ also belong to hitherto unrecognized 
families, exhibiting similar relations to sections of Neuropterous insects 
in our day disconnected ; and your third species is a member of still 
another family of Neuroptera, which finds its natural relations between 
the two described by Professor Dana. 

A fourth, of which only an unimportant fragment was found, would 
seem to belong to the Neuroptera ; but by some peculiarities of the mi- 
nuter cross-veins, thrown off in the middle of the outer edge of the wing 
in a most irregular and unusual manner, suggests no intimate relations 
with any known family, but must have belonged to a group of large and 
weak- winged insects. 

The fifth and last to be mentioned is of very striking interest, because, 
while it exhibits the peculiar venation which forms the well known tym- 
panum or stridulating apparatus of the male in the Orthopterous family 
Locustarice (though differing somewhat from that), it also most resembles 
the Neuroptera in all, or nearly all, the other peculiarities of its struc- 
ture, and suggests the presence in the insect-fauna of those ancient times 

^ The results of this examination will shortly be coromunicated to this Journal 
Am. Joub. Sci.— Second Series, Vol. XXXIX, No. 117.— May, 1865. 
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of a synthetic type, which united the characteristics of the Orthoptera 
and Neuroptera, in themselves closely allied ; this point however requires 
patient and severe investigation, and only ray earliest impressions are 
here recorded, made, however, immediately after a close examination 
into the relations of other fossil insects. 

7. Note on the Azoic age and meiamorphic origin of the Iron Ore of 
Mexico, described by N, S. Manross, at page 309 of this volume; by 
J. D. Dana. — The great thickness and extent of the magnetic and spec- 
ular iron masses of GueiTcro leave little doubt that the rocks belong, 
like those of Northern New York, Michigan and Canada, to Azoic or 
preesilurian time, and thus they indicate the existence of an Azoic area 
in this part of the continent. The metamorphic nature of the iron ore 
is proved by the alternation of the beds with conformable layers or strata 
of granular or metamorphic limestone, and syenite or granite. In a sec- 
tion of the Chutla " iron mountain," figured by Mr. Manross, the great 
iron ore bed is represented as lying beneath " beds of limestone," and 
over granite. In another, of the iron mountain of Las Anonas, the largest 
bed of iron ore is divided along the middle by a bed of limestone, and 
on either side there are alternate beds of iron ore and syenite with epi- 
dote. In another, the Sochipala region, the iron bed has beds of granular 
limestone above it; and below, syenite, then another iron ore bed, 30 
feet thick, and then syenite again. Thus the evidence is the same in 
kind as in the Azoic region of the north. 

8. Report on the Geology of Illinois ; by A. H. Worthen. — The 
Legislature of Illinois has recently appropriated $20,000 for the publica- 
tion of 3000 copies of the Geological Report of Illinois, made by Mr. 
Worthen under the authority of the State. The plates will be numer- 
ous, and, as we know from an examination of the figures, excellent In 
working up the Paleontology, Mr. Worthen has had the assistance of 
Mr. F. B. Meek for Zoology, and L. Lesquereux for Botany. The Report 
will yield to none hitherto published in the country in the value of its 
contributions to science. The State is especially rich in fossil shells, 
fishes and crustaceans of the Carboniferous age, and affords many new 
species of coal plants. 

9. Check List of the Invertebrate Fossils of North America: Miocene; 
by F. B. Meek. Smithsonian Miscellaneous Collections. 32 pp. 8vo. 
Washington, Nov. 1864. — This list of Invertebrate Miocene Fossils of 
North America is complete to the time of publication, both as regards 
paleontological discovery, and zoological science. Critical remaris are 
appended to the list. 

10. Ichthyosaurian Skin. — A specimen of the Ichthyosaurus tenui- 
rostriSf recently obtained at Barrow-on-Soar, shows a large extension of 
the dermal covering upon the surface of the slab, seeming to indicate 
that the animal had a prominent ridge along the dorsal surface similar 
in appearance to that which the males of the pond-newt, Triton cris- 
tatus, present in spring. — Reader, Dec. 3. 

1 1. Murchison on the Drift. — The last annual address of the President 
of the Royal Geographical Society, Sir R. I. Murchison, contains a dis- 
cussion at length of the question of the European drift, in which the 
author sustains the Iceberg theory. Only the want of space prevents 
our citing his views in t\i\a 5o\itt\«l\, 
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12. Annual Report of the Geological Survey of New Jersey^ for the 
y«ir 1 864, by Prof. Geo. H. Cook, State Geologist. 24 pp. 8vo. Tren- 
toD, N. J^ 1865. — Prof. Cook presents, in his Report, a brief statement 
of the progress of his survey, dwelling mostly on economical results. 
A colored map of the formations is included. 

III. BOTAJN^Y AND ZOOLOGY. 

1. DeCandolle: Prodromus Syst, Nat, Regni Vegetahilis, Pars 16, 
Sect posterior, Fasc I, mtena Cupuliferas, etc. Nov., 1864. pp. 160. — 
In pursuance of the plan adopted for bringing out the concluding volumes 
of the Prodromus in parts, as soon as the respective orders are elaborated, 
we have here the Cupuliferce, upon which Mr. DeCandolle himself has 
bestowed so much labor, — the leading genus, Quercus, extending to 281 
species, Castanopsis (to which belongs C. chrysophylla of California), 14 
species, Casianea, only two well determined species, and Fagus, 16 ; the 
Oorylacece, admitted as an order, after Hartig and Doll ; also the Juglan- 
dacecB, the earliest botanical work of Casimir DeCandolle, whose separate 
memoir upon the subject we have already noticed with approbation ; the 
Myrkacem by the same promising hand (38 species of Myrica^ including 
Comptonia^ and Chapman's Leitneria of Florida) ; the Platanacece^ and, in 
a note, Liquidambar^ by Alphonse DeCandolle. The Betulacece and Sali- 
cinecB will follow in this volume, we believe at no distant date. a. g. 

2. J. D. Hooker: Handbook of ike New Zealand Flora. Part I. 
London: Lovell Reeve <&; Co. 1864. pp. Ixxviii, 392, 8vo. — This is a 
Dew member of the series of British Colonial Floras. The present part 
includes all the known Phsenogamous plants and Ferns, not only of New 
Zealand, but of the outlying islands which may be regarded as of tho 
New Zealand group, such us the Chatham and Kermadec islands on the 
one hand, and the Lord Auckland and CampbelFs islands on the other. 
The Cryptogamous plants are to follow. The basis of the present work, 
of course, is Dr. Hooker's Flora of New Zealand and the Flora of Lord 
Auckland and Campbell's islands, making three large illustrated volumes 
of the Botany of the Antarctic Voyage under Capt. Ross, — volumes 
much too bulky and costly to subserve the main purpose of the Hand- 
book, i. e., to be freely used by the colonists themselves. Moreover, large 
discoveries have been made since the Flora Novae-Zelandise appeared, 
mainly in the middle island, adding fully one-third to the number of 
flowering plants previously known. The genera are here brought up to 
803, the species to 935, — still exemplifying the insular paucity. Of 
these species 677 are peculiar to these islands; 222 are Australian, and 
111 American. There are, besides, 61 Australian representative specie?, 
and 32 American representative species. Among the Ameiican identical 
species are Myosurue aristatus, of the Pacific United States and Chili, 
and our Elaiirhe Americana^ which has a wide range in the southern 
hemisphere, viz: in 8. America, New Zealand, Feejee Islands, Australia, 
and Tasmania. Dr. Hooker remarks that few if any plants appear to 
have been collected in the Lord A uokland'sOroup by Commodore Wilkes's 
expedition. A single officer, Lieut. Holmes we think, passed a few hours 
on land, collecting, however, among other plants, a single specimen of an 
apparently new Ranunculus {B, Aucklandiciui), .which lias been acci- 
dentally overlooked in the present work. a. o. 



360 Scientific Intelligence, 

8. Martius: Flora Brasiliensis ; fasc. 36, 37, 38. fol. Dec. 1864. — 
The Gesneraceoe, by Dr. Hanstein, the curator (succeeding the late Dr. 
Klotszch) of the Berlin Herbarium ; with eleven plates. The Saholaeea 
[Chenopodiacect), by Frof. Fenzl, of small importance in Brazil; with five 
plates, one of them illustrating Ckenopodium anthelminticum^ and one 
Rouhieva multifida, Mapnoliaceoe^ Winteracece (retained, as likewise 
Schizandreoe, as ordinally distinct), Ranunculacece, Menispermaceai, and 
Berberidece, by the acute Dr. Eichler ; twenty-six plates, one of thenar de- 
voted to the anatomy of the wood of Drimya Winteri, and two to that 
of Menispermaceous stems, which the author appears to have discassed 
with much ability. a. g. 

4. The Journal of the Linncean Society^ No. 31 (Dec. 1864), is es- 
pecially rich in articles upon Dimorphism and even Trimorphism in 
plants, and upon the agency of insects in their fertilization. There is 
1. Notes on the Fecundation of Orchids^ and their Morphology^ by the 
late Dr. Gruger, Director of the Botanical Garden, Trinidad ; Catautum 
and Stanhopea being the principal subjects, and the conclusions of Mr. 
Darwin being fully confirmed. 2. Dimorphism in the Flowers of Month 
choria vaginalis, by Dr. Kirk. The additional kind of flower would 
seem to be somewhat after the fashion of that of Utricularia clandestine^ 
and arranged for self-fertilization. 3. On the Individual Sterility and 
Cross-Impregnation of certain species of Oncidium, by Mr. John Scott 
He shows by experiment " that the male element of 0. microchilum will 
fertilize the female element of the two distinct species, O. omithorhyn- 
chum and 0. divaricatum cupreum, and yet be completely impotent 
upon its own female element; nevertheless, the susceptibility of the latter 
(female element) to fertilization is shown by its fertile unions with another 
individual of the same species, and likewise by a fertile union with an 
individual of a distinct species;'* and the same is true of O. microchilum, 
4. I^otes on the Sterility and Hybridization of certain species of Fassi- 
flora^ Disemma, and Tacsonia, by the same author. Species which, in 
cultivation, are perfectly sterile upon the application of the pollen to the 
pistil of the same individual, are readily fertilizable by the pollen of other 
individuals of the same or of an allied species, and their pollen is like- 
wise potent upon such individuals ; although in hybridization the influ- 
ence frequently is not reciprocal. For instance, Fassiflora racemosa may 
be fertilized by the pollen of Tacsonia mollissima, upon the ovules of 
which, conversely, the pollen of the Fassiflora is utterly impotent 
There are two Passionflowers, totally impotent when self fertilization is 
attempted, the pollen of one of which effects the development of the 
ovaries of the other, but never the seeds, while conversely even the ovary 
fails to develop. And there are two species of Tacsonia, the pollen of 
one of which causes the ovary and even the seed-coats of the other to 
•develop, but never the embryo, while conversely the eflect is sometimes 
the same, but generally nothing at all. Although general conclusions 
should be hesitatingly drawn from limited experiments upon cultivated 
plants, yet the known facts conspire to show that no sharp line is drawn 
in nature between fertility and sterility in crosses. 5. On the Sexual 
Mdations of ike three forms of Ly thrum Saiicaria^ by Charles Darwin. 
Here we have the results of an investigation which Mr. Darwin has before 
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referred to. A curious case it is, and treated with the wonted sagacity 
and point of this prince of biological inquirers. 

"In Lyihrum Salicaria three plainly diflferent forms occur: each of 
these is an hermaphrodite ; each is distinct in its female organs from the 
other two forms ; and each is furnished with two sets of stamens or 
males, diffenng from each other in appearance and function. Altogether, 
there are three females and three sets of males, all as distinct from each 
other as if they belonged to different species ; and, if smaller functional 
difference are considered, there are five distinct sets of males. Two of 
the three hermaphrodites must co-exist, and the pollen be carried by 
insects reciprocally from one to the other, in order that either of the two 
should be fully fertile : but, unless all three forms co-exist, there will be 
waste of two sets of stamens, and the organization of the species as a 
whole will be imperfect. On the other hand, when all three hermaph- 
rodites co-exist, and the pollen is carried from the one to the other, the 
scheme is perfect; there is no waste of pollen and no false co-adaptation. 
Id short, Nature has ordained a most complex marriage-arrj\ngement, 
namely, a triple union between three hermaphrodites, — each hermaph- 
rodite being in its female organ quite distinct from the other two her- 
maphrodites, and partially distinct in its male organs, and each furnished 
with two sets of males." 

One must study this instructive paper to see how neatly it is shown, 
*^ that only the longest stamens fuMy fertilize the longest pistil, the middle 
stamens the middle pistil, and the shortest stamens the shortest pistil. 
And now we can comprehend the meaning of the almost exact corres- 
pondence in length between the pistil of each form and the two half- 
dozen sets of stamens borne by the two other forms; for the stigma of 
each form is thus rubbed against the same spot of the insect^s body which 
becomes most charged with the proper pollen." For the use which Mr. 
Darwin makes of this case, and the theoretical deductions drawn from a 
genus which presents trimorphic, dimorphic, and monoraorphic species, 
the illustration of the advantage of trimorphism, and of the now estab- 
lished fact that sexual difterences, — " thought to be the very touchstone 
of specific distinction," — may characterise and keep separate the coexist- 
ing individuals of the same species in the same manner as t}iey do those 
groups of individuals which we denominate species, we must refer to the 
memoir itself, not having space for a full abstract. Mr. Darwin, on 
raising from seed some individuals of our Nesoea veriicillata^ ascertained 
that this plant is also trimorphic. We commend it to the particular 
attention of any who may be disposed to prosecute farther such investi- 
gations, which, though requiring genius to originate, are easy to follow 
up, and almost inexhaustible in interest. 

Of the remaining papers in this number of the Linnsean Journal, one 
is On a Peloria and Semi-double Flower of Ophrys arenifera^ by Dr. 
Masters, to which a note is added, mentioning a nearly similar monstrosity 
of Pogonia ophioglossoides, (known to him from a description by Prof. 
Gray), collected by Rev. J. A. Paine, in a bog near Utica, N. Y. Several 
flowers were detected, last year, all sharing more or less of the peculi- 
arity, viz : having three lobelia and the column resolved into small peta- 
loid organs ; the two accessory labella and a small petaloid body on the 
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other side of the flower answering to the three suppressed stamens of the 
outey series, while two little filaments answer in position to the suppressed 
lateral stamens of the inner series. It is hoped that other specimeoB 
may be detected the ensuing summer, and preserved in spirit for more 
searching examination. In another paper, Dr. Hooker identifies Pintu 
Pence, Griesb., of the mountains of Macedonia, with P. excelsa of the 
Himalayas. Mr. Mitten describes new Musci and Hepaiicop of Japan and 
the coast of China, and Prof. Oliver, new genera of plants of Western 
Tropical Africa. 

The longest paper in No. 82 (February, 1866) is one by Dr. Masters, 
On the Morphology and Anatomy of the Genus RestiOj Linn., together 
with an Enumeration of the South African Species. There is also an 
extract from a letter of Prof. Brewer to Sir Wm. Hooker, On the Forestt 
of Sequoia { Wellingtonia) gigantea of California, correcting the popular 
impression that this magnificent tree is extremely local and in danger of 
extinction. a. o. 

6* Further remarks on larve budding ; by Dr. W. C. Minor. — In a 
preceding number of this Journal (January, 1865) some notice was 
taken of a newly observed form of insect larve budding. The first 
number of the 2eits, f wiss, Zoologie for this year has a further ac- 
count by Dr. Wagner, the original observer, which, beyond the interest 
of a detailed reply to questions from Dr. Siebold, contains some gene- 
ralizations upon the phenomena of budding, which we give in brief. 
Dr. Wagner offers the following table of the grades between the sim- 
plest asexual and the most perfect sexual multiplication in the articulates. 

I. Asexual spontaneous multiplication of the larve-nurse (Amme), 
with sexual generation of the developed animal. The germ is meta- 
morphosed out of the fat or granular substance of the larve-nurse, and 
the animal has three or four transformations, in the forms of proto- 
scolex, deuteroscolex, strobila and proglottis. — Cestodes and Treniatodes, 

II. Larves with sexual organs. The germs developed in these organs 
become individuals within the body of the larve-nurse, and are born 
alive, forming thus two metamorphoses. — Aphides, 

III. Multiplication only in the perfect sexual animal : — a. In both 
males and females, but without sexual influence. — Daphnidce, b. In 
one sex only, without sexual influence. — Bees, and some Butterflies, c. 
In one sex only, under the influence of fructification. 

The author admits that nothing more than one point of view is at- 
tempted here, as deeper embryological studies will, by bringing out 
homologies and complications of structure, probably separate the higher 
and lower groups here put together. The case he has discovered in 
the Diptera seems to him to form a transition from the first to the 
second group. He refers to Leydig's comparison of the Aphis buds 
with the summer eggs of Daphnia, and of the true Aphis eggs with 
the winter eggs or ephippia of Daphnia, and extends the comparison to 
the larve buds and eggs here. 

Upon the distinction between Parthenogenesis and Alternate genesis, 
he urges, that the former is a germination of buds in special sexual or- 
gans, though without fructification ; while the latter is a self- transforma- 
tion, also unfructified, of tissue into germs or buds, without any special 
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organ for the transfonnation, and in a degree independent of the nnrse, 
and hence spoken of as spontaneous, "The first of the groups given 
above comes under the head of alternate genesis — Generationswecksel 
— while the second, and in part the third, are instances of parthenogen- 
esis. From this point of view, also, is the present case intermediate 
between the first and second groups. 

He calls attention to the compensation, by the budding of the larva, 
for the limited egg-bearing capacity of the mature fly, and regards this 
coropensational balance as usual in these cases. Also, considering the 
fat or granular substance of the larve-nurse to be directly transformed 
into these larves — a view confirmed, it will be remembered, by Dr. 
Meinert — he points to the hypertrophied eggs as a store of material for 
its production. That this granular substance is of a nutritive nature, is 
made altogether probable by its transference into the stomach through 
the Malphigian vessel, in cases of prolonged abstinence, and also by the 
presence of sugar in it; and he observes that the imperfect tracheal 
system and sluggish movements, for a time at least, of the larve-nurse 
tend to leave this store intact for the sole use of the buds. 

Both in this, and the first paper of Dr. Wagner's, which we have 
now received, are numerous points of anatomical and physiological in- 
terest ; such as the condensation in the mature fly of the separate gan- 
glia of the larve, the valves at the posterior end of the dorsal heart — 
also figured by Dr. Pagenstecher — and which, as well as the glands 
along its side, supposed from analogy — in leeches — to form the blood 
corpuscles, we have ourselves seen. 

It is perhaps not premature to state here that the writer has found a 
nnmber of large oval germs in some minute larves observed lately, and 
he would urge the attention of American observers, who may be better 
situated than himself, to this inquiry ; since, to judge from the differ- 
ence in shape of the larve's head, these were not of the same genus. 

6. On the Hymenopiera of Cuboj by E. T. Cresson. (From the Pro- 
ceedings of the Entomological Society, Philadelphia, Jan. 1865. 200 
pp. 8vo.) — The Entomological Society of Philadelphia has shown great 
activity since its formation, having issued many long and thoroughly 
labored memoirs. Mr. Cresson's work is based principally on the col- 
lection of Prof. F. Poey of Havana, purchased by Dr. T. B. Wilson of 
Philadelphia and presented to the Society, and also on specimens in the 
collection of Dr. J. Gundlach of Cuba. Most of the Chalcididaa, Pro - 
totrupidae and Formicidse are reserved for future papers. 

7. Synopsis of the Bombycidce of the United StateSy by A. S. Pack- 
ard, Jr. Part II. 66 pp. Svo. From the Proceedings of the Ento- 
mological Society, Philadelphia. Nov. 1864. 

IV. ASTRONOMY AND METEOROLOGY. 

1. Correction of D, Trowbridge^ s article on the Nebular Hypothesis; 
by the Author. — In my article on the Nebular Hypothesis, Art. xlvi, 
and note 41 (this Jour., [2], xxxix, 31, 32), I have committed an error 
in my reference to Prof. Ferrel's article on the retarding effect of the 
sun and moon on the earth's rotation, in Gould's Astronomical Journal. 
One part was owing to a careless misconception, and the other to a 
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misprint in his article. The retarding effect is given in his article in 
angular velocity, and not in absolute velocity as I conceived (thongh it 
was 80 given that one might easily make the mistake). The effect of 
the earth on the moon is 5625 times as great, and not 562^ times, as 
printed. My general reasoning, however, as applied to the nebular hy- 
pothesis, is not affected by the error which I made. My error was in 
numbers (I read Prof. F.'s article several years ago when it was pub- 
lished) and not in principles. 
Hector, N. Y., March 23d, 1866. 

2. Cambridge Observatory in 1 864. Extract from the Annual Report 
of the Observatory Committee to the Board of Overseers of Harvard 
College, (made previous to the decease of the Director, G. P. Bond). — 
The labors of the year have been chiefly directed to the continuation of 
the zone observations, the examination of nebulae, observations on the 
asteroids, on changeable stars, and on the two telescopic comets of the 
year. During the last winter and the early part of the spring, observa- 
tions of minute inquiry were made on Orion on fifty-nine nights, result- 
ing in the discovery of many new features, as well as corroborating 
characteristics heretofore published. Among the discoveries were six 
variable stars in the neighborhood of the Trapezium. 

In the prosecution of the zone observations, Mr. Safford obtained the 
position of four thousand seven hundred stars by the great equatorial, 
besides performing the necessary reductions and computations involved. 
Very few persons, who have not had the privilege of examining the 
great mass of manuscripts already accumulated, can form any concep- 
tion of the enormous labor required in this valuable undertaking. 

The director repeats his great obligations to Mr. Safford for his de- 
votedness to all the interests of the Observatory, and the skill and fidelity 
with which he has executed the several parts assigned him. 

3. Extracts from the Address of W. De La Rue, President of th$ 
Astronomical Society of London^ connected with the awarding of the 
Society^s medal to Mr. G. P. Bond. — The announcement that the Royal 
Astronomical Society has awarded its gold medal to Professor Bond will 
be hailed with universal satisfaction by those interested in the science 
which he has so ably cultivated. At the anniversary meeting of the 
Society, held on Friday, Mr. Warren De La Rue, under whose auspices 
the Society has taken such a large stride in its path of usefulness, accord- 
ing to custom, accompanied the announcement by an address, which 
should add greatly to the pleasure of the medallist, so warmly does it 
appreciate the work done by the transatlantic astronomer, who has for so 
long had the finest telescope in the world to use, and has used it so well. 
The address is too long to be reproduced in extenso^ but we give several 
extracts from it, reserving our report of the other business done at the 
meeting for a future occasion. 

Mr. De La Rue commenced by observing, that * when father and eon 
have worked zealously together in the same direction, and especially in 
those cases where the son has succeeded to the position created and held 
for a number of years by the father, it is extremely difficult to draw any 
line of demarcation, from which to date the commencement of the son'i 
independent career, or the cessation of the momentum imparted to his 
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course of activity by the father. This is especially the case with respect 
to the late Professor W. C. Bond and his son, Professor George Phillips 
Bond, to whom the council have awarded the highest mark of distinction 
this society can confer. 

In the estimate formed of his scientific work, the professional astron- 
omer is generally placed somewhat at a disadvantage in comparison 
with the amateur. In the case of the latter, the whole of his work is 
weighed in the balance, while, in that of the former, large deductions are 
made from his labora as belonging properly to the duties of his official 
position. An official astronomer, in this age of zealous activity and 
speedy publication, inaugurated I believe by the example of the present 
Director of our own Royal Observatory, may, consequently, produce 
much good and original work without his name coming with due promi- 
nence before his peers, so long as that work falls, or rather appears to 
fall, within the range of his official duties. . . . 

Unquestionable evidence that Prof. G. P. Bond has done more for our 
science than even a scrupulous discharge of his duty demanded, was given 
by the appearance of the * Annals of the Astronomical Observatory of 
Harvard College,* vol. iii, 1862. At first sigbtj indeed, that volume might 
appear to be nothing beyond a record of excellent but, nevertheless, official 
work ; when, however, I shall presently come to speak of its details, it 
will, I doubt not, be conceded that it belongs in a great measure to the 
category of private labor independent of official duty.' 

After stating that Prof. G. P. Bond had been a most active contributor 
to astronomical discovery and methods for a long series of years, and 
that, besides his great and indjced unique work on the comet of 1858, an 
amount of good work had been accomplished by him which fully entitled 
him to the distinction now conferred upon him, Mr. De La Rue remarked 
that *his earlier exertions appear to have been directed to the discovery 
of comets and the computation of their orbits, and in the Report of the 
Committee of Harvard College he is mentioned as having detected inde- 
pendently eleven of those bodies. It is not surprising, therefore, that so 
zealous an observer of these strange visitors, about the nature of which 
so little is known, should have been one of the most assiduous observers 
of so splendid a comet as that of Donati. It was also a natural conse- 
quence that Professor Bond should have desired to compare his own 
results with those of other observers, but it was by no means a necessary 
sequence that he should have entailed upon himself the enormous labor 
of collecting, systematically arranging, and reducing, the whole of the 
data resulting from this comparison. 

The circumstances attending the apparition of the comet of 1858 
were peculiarly favorable ; its early discovery by Dr.-Donati, while yet a 
faint telescopic object, and the prediction of its great brilliancy and 
splendor, having had the effect of directing the. attention of a great 
number of astronomers to this remarkable body. Hetice, in the history 
of cometary observations, thei'e has never been colj^ed so large a mass 
of observations as in the case of Donati's comet, the absence of moon- 
light, the short duration of twilight, and the remarkable continuance of 
clear weather during the most important part of the comet's apparition, 
largely contributing to this result. The darkness of the sky, which 
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served as a backgroand to the comet, was peculiarly favorable to the de- 
lineation of the fainter outlines and peculiar features of this splendid vis- 
itor, which was visible to the naked eye from August 19 to December 9, 
one hundred and twelve days. The whole period of visibility in the tel- 
escope extended from June 2, 1858 to March 4, 1859, an interval of two 
hundred and seventy-five days. One of the most successful workers in 
recording the phenomena of tliis comet was Professor G. P. Bond, and 
the sketches and drawings made at the Observatory of Harvard College 
form the main contribution to the splendid graphic illustrations which are 
a remarkable feature of this altogether remarkable production. The pains 
taken to insure a truthful representation of this comet of 1858, both in 
its eye- and telescope-features, few arc better able thfln myself to appre- 
ciate ; and I am able, from my own practical experience, to state that the 
success which has attended these efibrts has been deservedly won by 
battling with greater difiSculties than would probably be imagined by 
the uninitiated.' 

*The comprehensiveness of Professor Bond's work will be at once re- 
cognized by an enumeration of the various sections into which it is divi- 
ded. They are as follows: — 

I. Figure and Position of the Tail ; ii. Observations upon the Second- 
ary Tails; in. Reduction of Observations upon the Figure and Position 
of the Tail ; iv. Probable Errors of Observations of the Tail ; v. On the 
Deflection of the Tail ; vi. Columnar Structure of the Tail ; vii. Reduc- 
tion of Observations on the Secondary Tails; viii. The Nucleus and En- 
velopes; IX. On the Outline of the Head of the Comet; x. On the 
Branches and Central Darkn* ss of the Tail ; xi. The Nucleus ; xii. The 
Envelopes ; xiii. The outer faint Veil ; xiv. On the Direction and Initial 
Axis of the Tail ; xv. Summary of the Contents of the Volume.' 

*The sections i to vii relate to the figure, dimensions, and positions of 
the tail, from its first appearance on August 14, 1858, seventy-three days 
after its first discovery, when it was seen at Copenhagen by D'Arrest and 
at Vienna by Horastein, until the last recorded observation at Santiago, 
in Chili, by Moesta, on February 7, 1859. Arranged alphabetically un- 
der the same date, are the names of the several observers, sixty-seven in 
number, whose statements are given verbatim in the language in which 
they were written ; but the value of this record is greatly enhanced by 
the occasional remarks of the author, who draws the reader's attention to 
points of special interest, and thus brings under notice the changes wliich 
actually occurred, as well as those which did not take place although 
anticipated from previous hypotheses. The reader is informed, in the 
introductory chapter, that from June 2 to September 8, the earth was on 
the north side of the plane of the orbit, and on the latter day crossed the 
line of nodes, giving an opportunity for observations on the figure of the 
tail projected on a plane at right angles with the comet's orbit. After the 
middle of September the tail was presented in nearly its full-length pro- 
portions ; within a day or two of the perihelion passage on September 30, 
the axis of the tail was brought to a position at right angles to the line of 
vision, and, ten or twelve days later, when the comet had reached its least 
distance from the earth, its profile was almost precisely that of a section 
in the plane of the orbit. Professor Bond remarks, that where so little is 
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known, a priori^ respecting the actual figure, there is an obvious advan- 
tage to be derived from these accidental circumstances of its position, by 
which the influence of perspective foreshortening is, in a great measure, 
eliminated.' 

* In order to recognize and explain any errors or ambiguities in the ob- 
servations themselves, a provisional chart was constructed, showing the 
path of the comet and the position of the tail among the neighboring 
constellations. This chart naturally gave confidence and insured accu- 
racy in the subsequent discussion of the observations, which are duly 
'weighted' according to the dependence which can be placed upon 
them.' 

' Lastly, the normal outlines of the tails are given in a series of charts 
which represent the final results deduced from the whole series of observ- 
ations between September 16th and October iTth, referred to the com- 
mon epoch for each date of 7*» mean solar time at the Observatory of 
Harvard College. The figure of the tail is preserved free from any con- 
siderable distortion by the method adopted ; namely, by projection on a 
tangent cylinder, the position of which, in regard to the path of the comet, 
was selected with that view.' 

After having given an idea of the comprehensiveness of the first seven 
sections of Protessor Bond's work on the comet of 1868, the speaker 
referred to those parts which treat of the telescopic observations of the 
nucleus and envelopes — which are characterized by the same care, skill, 
and resource, though the difiiculties, of dealing with the discrepancies 
must have been enormously greater. 

* Professor Bond gives in his work a plate representing the drawings or 
engravings of the nucleus and envelopes in the form they reached him. 
A cursory inspection of this collection will suflUce to show how great is 
the diversity of portraiture of the same object, even when made at about 
the same period of absolute time.' 

* The form of the head of the comet received considerable attention ; 
the result was such as to show that its outline did not accord with a par- 
abola, but that its contour was nearly that of a catenary curve. Moreover, 
advantage was taken by Professor Bond, of the apparition of Comet III, 
1860, and more recently, of the great Comet of 1861, to test some of 
the hypotheses discussed in reference to the Comet of 1858, notably the 
phenomena of the successive throwing off of a series of envelopes from 
the nucleus, and the diminution of their elevation velocities as they 
receded from it. A recent careful revision of these phenomena has, 
according to the report of Professor Bond for 1864, completely confirmed 
the results previously announced. 

Before dismissing the consideration of the volume on the comet of 
1858, Mr. De La Rue added a few words in honor of Mr. Josiah Quincy, 
of Boston, who defrayed the expenses of the letter-press of the volume, 
and of the twenty-four gentlemen of Boston, Waterton, Cambridge, and 
Salem, who subscribed the funds necessary to cover the cost of the un» 
rivalled engravings with which it is illustrated. It is most creditable to 
these gentlemen that they so fully appreciated the importance of doing 
ample justice to the labors of the Director of the Observatory of Har- 
vard College, and enabled him to lay before the public such a writtea 
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and grflpbic record as could not fail to attract the attention and obtain 
the confidence of the astronomical world. It should be remenobered that 
the Observatory in question is not an institution endowed with ample 
funds to meet all its requirements, but that, on the contrary, appeals for 
aid to patriotic citizens have frequently been necessary, and have always 
been generously responded to whenever any object of scientific import- 
anc-e could be thus advanced/ 

Passing from this splendid addition to our knowledge of the physical 
phenomena of comets, Mr. De La Rue next referred to a very important 
step made by Professor Bond in connection with the theory of planetary 
perturbation. * It is well known that when the excentricity and inclina- 
tion of the orbit of the disturbed planet are considerable, the problem of 
three bodies represents difficulties which have baffled the efforts of the 
most consummate mathematicians since the time of Newton. Fortun- 
ately, when the question relates to the computation of the perturbations 
of the principal bodies of the planetary system, such difficulties are not 
found to exist.' *But for comets, which revolve in orbits of every degree 
of excentricity, and inclined to the ecliptic at angles of all degrees of 
magnitude, a special method is necessary. The chief merit of improv- 
ing and applying this method of computation must, in all fairness, be 
assigned to Protessor Encke. Nevertheless, Encke and other Grerraan 
astronomers were to a very great extent anticipated by Professor G. P. 
Bond, whose suggestions were made so early as the month of May, 1849, 
in a paper published in vol. iy. of the * Memoirs of the American Acad- 
emy of Arts and Sciences,' whereas Encke's labors bear date from 1861.* 
*It is but right, however, to add that at the time when Professor Encke com- 
municated his researches to the Berlin Academy he was totally unaware 
of Professor Bond's previously published paper on the same subject' 

Mr. De La Rue next adverted to the magnificent monographs of Saturn 
in * The Annals of the Astronomical Observatory of Harvard College,' 
vol. ii, part i. * Although the chief merit of that elaborate treatise is due 
to Prof. W. C. Bond, a reference to the initials of the various observers 
brings out prominently the great part taken by his son, G. P. B. being 
affixed to * two very important series of observations connected with the 
physical histo?'y of that interesting planet, namely, in the first place those 
which in 1848 led to his discovery of the Eighth Satellite, Hyperion, inde- 
pendently of and simultaneously with Mr. Lassell ; and, in the second 
place, observations of a peculiar luminous appearance within the then 
so-called inner ring, associated with a dusky belt crossing the planet in 
such a position that it could not be mistaken for the shadow of the 
bright rings on the ball, which shadow was seen at the same time in its 
proper place. I need scarcely say that it was the dusky ring of Saturn 
that was then for the first time noticed, though it was only subsequently 
recognized as such when, on Nov. 15, 1850, Mr. Tuttle, of the Harvard 
Observatory, suggested that the existence of a new ring of a dusky char- 
acter would explain the phenomena. Mr. Dawes subsequently, namely, 
on the 25th and 29th of the same month, discovered the same ring 
independently, with a refractor by Merz, of 6^ inches aperture.' The 
address concluded as follows: — 

*I believe I am righ«t in stating that the only orbit of Hyperion yet 
published was computed by Professor G. P. Bond, from his own obser- 
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VAtions. He bas also published an analytical investigation of tbe ques- 
tion of tbe stability of Saturn's rings, in which he arrived at the unex- 
pected conclusion that they are in a fluid state.* 

Among other titles to our esteem for him as an astronomer must be 
mentioned his share in the adaptation of the great Refractor of Harvard 
Coll^ige to the observations of very small stara in zones of declination, 
the first-fruits of the plan being a catalogue of 6,600 stars near the 
Equator, forming vol. i. part ii. of the above named "Annals," the ob- 
servations having been made by himself and Mr. Tuttle. 

This plan, it will be remembered, consists partly in recording, by the 
electric method, the times of transit of stars as they cross certain vertical 
lines drawn on a piece of transparent mica attached to the diaphragm of 
the spider-line micrometer. The electric recording apparatus is that 
originally contrived by the late W. C. Bond and his two sons, in which 
the movement of the recording barrel is regulated by their well-known 
spring-governor. On the piece of transparent mica exhibiting the tran- 
sit lines, is also drawn a series of horizontal lines, 10" of declination 
apart, grouped into throes and sixes, to indicate half minutes and min- 
utes, the former denoted by making every third line somewhat longer 
than the adjoining ones, and the latter by causing every sixth line to ex- 
tend quite across the slip of mica. By means of a cross-light illumina- 
tion the lines are made to appear white on a dark ground. " The ob- 
server, with the aid of an assistant, whose office it is to record the declin- 
ations, magnitudes, <fec., has it in his power to give the elements of po- 
sition and magnitude of each star at the rate of seven per minute, the 
average frequency of observations being only two in each minute." 
Since Professor G. P. Bond's appointment to the direction of Harvard 
Observatory in 1869, these zone observations have been diligently con- 
tinued ; and in his report for 1864 it is stated that the region between 
-(- 1** 00' and 1° 10" had been nearly completed, and that great progress 
had been made in the zones between 1® 10' and 1® 20'. 

It is only necessary to read the Reports of the "Committee of the 
Overseers" of Harvard College, and the accompanying Reports by the 
Director of the Observatory, to show that the same zeal animates Pro- 
fessor G. P. Bond that was so strongly evinced by his father. The vast 
amount of work accomplished in the way of observation, reduction of 
the results, and their publication, is truly surprising, for we must in 
forming an estimate always bear in mind that the Observatory of Har- 
vard College has very small means at its disposal, in comparison with 
the magnitude of its undertakings. 

There is one claim to recognition which I, of all persons, must not pass 
over without notice — namely, the first application of photography to astro- 
noipical observations; for it was my seeing in the exhibition of 1861 a 
lunar photograph, which emanated from this Observatory, that stimu- 
lated me to undertake experiments in that direction. The first applica- 
tion of photography to the delineation of our satellite and of some of the 
fixed stars I had attributed to Prof. W. C. Bond, in connection with 
Messrs. Whipple and Black, of Boston ; but I am informed that it origin- 
ated with G. P. Bond, to whom, therefore, in conjunction with these last- 
named gentlemen, the merit of this important step must \k assigned. 

* Preseoted to the American Academy of Arts and Sciences, April 15, 1851. 
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Professor Bond^s latest and yet unfinished, work, is that upon the 
Nebula of Orion, which object is also engaging the attention of Lord 
Rosse. Professor Bond has already sent to England a proof from a steel 
plate engraved from his drawing; he has catalogued the stars in and 
around the nebula with more minuteness than the Russian astronomers; 
and he has been so fortunate as to discover in the nebula a grand feature 
which has hitherto escaped the attention of astronomers. This new 
feature is a great re-entering loop of nebulous matter extending around 
nearly the whole of the previously known portion, and enclosing, as with 
a nebulous wall, a large space exterior to the well-known figure. It was 
discovered by employing with the 22-feet refractor of 15 inches aperture, 
an eye-piece magnifying 90 times, with a field of 30' ; by this arrange- 
ment it was seen with great distinctness. It is well known how clearly 
the low powers of comet-seekers bring out the faint details of comets; 
and the conversion, so to speak, of the Harvard Refractor into a huge 
comet-seeker has led to this interesting discovery. 

In 1851, Prof. G. P. Bond visited Europe, and his reception at the 
principal astronomical establishments, and especially at the classical Ob- 
servatory of Pulkowa, as detailed in the Annals of Harvard College Ob- 
servatory, vol. i. part i.,' may perhaps be regarded as evincing something 
more than the ordinary courteous welcome due to a stranger. In 1863 
he again visited Europe, when I had the pleasure of making his acquaint- 
ance, and I am convinced that on this, as on the occasion of his previous 
visit. Professor G. P. Bond not only gained many personal friends, but 
also the high opinion and respect of those astronomers with whom he 
came into contact.' — From The Header, Feb, 11, 1865; but somewhat 
altered and extended after comparison with the publication of the Address 
in the Monthly Notices of the Asir. Soc, vol. xxv, Feb. 10, 1865, p. 125, 
received after these pages were in type. 

4. Comet V, 1864. — A comet was discovered by Bruhns, at Leipzic, 
on the 30th of Dec. 1864. The following elements were computed by 
Engelmann, from observations of Dec. 30th, Jan. 3d, and Jan 21st. 

T = 1864, Dec. 27-76616, t = 17° 7' 13"-7, 

n = 162° 21' 55"-l, log g' = 0047095, 

Q = 340° 53' 52"-6, Motion retrograde. 

5. Duration of the flight of shooting stars. — Dr. Jules Schmidt, di- 
rector of the Observatory at Athens, has communicated to Mr. Haidinger 
some of the results of his observations during the last eight years upon 
shooting stars. He has recorded the estimated duration of flight of 1357 
meteors, out of about 16,000 seen. The mean duration of those of dif- 
ferent colors was, of 846 white shooting stars, 0^*709; of 361 3'ellow, 
0^-947; of 101 red, 1«*787; and of 49 green ones, 2«-685. The mean 
of all was 0^*925. This is somewhat larger than the mean duration ob- 
tained on page 203 of this volume. Dr. Schmidt having been accus- 
tomed to estimate small intervals of time in astronomical observations, 
his estimates deserve not a little confidence. We trust that he will 
classify them according to the hour of the niorht. His earlier observa- 
tions were made mostly in the evening. The times of the observations 
of this series are not specified. We believe that there is a decrease in 

' Appendix, pp. 1 58-60, inclusive. 
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the mean duration in th« later hours of the night. Such decrease^is dis- 
tinctly shown by Wartraann's observations in 1838. h. a. n. 

6. Heights of Auroral Arches, — Mr. B. V. Marsh has obtained data 
for connpuling the altitudes of three auroral arches. A fine arch was 
seen early on the evening of the 16th of January, 1865, and from observ- 
ationa at Germantown, Pa. and Brunswick, Me., the computed altitude 
IS 97 miles. A second arch on the 20th of February was observed at 
Germantown, Newburyport, Miiss., and Brunswick. The Brunswick and 
Newburyport observations give an altitude of 67 miles; those of German- 
town and Newburyport 92 miles. The mean of the two determinations 
is 79'J- miles. A third arch on the 2l8t of February, observed at Boston 
and Philadelphia, had the computed altitude of 57 miles. The mean 
height of the three arches was therefore 78 miles. The data were not 
very exact in either case, but taken together they are believed to furnish 
reliable approximations. h. a. n. 

V. 3aSCELLANE0US SCIENTIFIC INTELLIGENCE. 

1. The Agassiz Expedition to South America, — On the 29th of March, 
Prof. Agassiz, with a large corps of assistants, sailed in the steamer 
Colorado for Rio Janeiro, on an exploring tour in South America. 
His corps consists of O. H. St.John and C. F. Hartt to collect fossils 
and to aid in geological exploration, J. G. Anthony to collect mollusks, 
J. A. Allen to collect birds and mammals, G. Sceva to make skeletons 
of mammals, birds, the large reptiles and fishes, and Mr. Burkhardt 
to make drawings. Prof. Agassiz will devote himself, with native and 
such other assistance as he may obtain, to the collection of marine in- 
vertebrates, yet will have, for his main object, the study of the embry- 
ology of some of the remarkable fishes of the Amazon, and investiga- 
tions with regard to the drift phenomena, or ancient glacial action, in 
the Andes. 

The party is accompanied also by Dr. B. E. Cotting as surgeon, with 
the wives of Prof. Agassiz and Dr. Cotting, a son of Mr. N. Thayer of 
Boston, and a son of Mr. S. G. Ward of that city. 

The expedition goes first to Rio Janeiro, whence the geological as- 
sistants will journey by land north to the Amazon, while the rest of the 
party, after completing investigations there, will take vessel for the same 
river. Prof. Agassiz and party will then ascend the Amazon, to the 
Andes, and, finally, after explorations in the mountains, descend to Lima. 

Professor Agassiz at first intended only a visit to Brazil for his health, 
and proposed to take along one or two assistants to aid him in making 
collections for the Museum of which he is Director at Cambridge. On 
mentioning his plan to Mr. Nathanael Thayer, this generous patron of 
science at once said ^* Agassiz, go home, find six assistants, and I will 
pay the bill." The Pacific Mail Steamship Co., hearing early of the 
projected tour of exploration, immediately tendered to Professor Agas- 
siz and his wife free passage to Rio; and, afterward, on learning of 
Mr. Thayer's munificent proposition, Mr. McLane, in the name of the 
Director of the Company, offered to the whole party free passage in the 
new steamer Colorado, about sailing for Panama via Cape Horn. The 
arrangements were soon completed, and within three weeks after Mr. 
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Thayer's promise was made, the expedition left New York in the 
Colorado. 

The Secretary of the Navy has given Prof. Agassiz a letter addressed 
to all officers of the navy whom they may meet, in order to secure for 
them free transportation when desired. He oflfered also a government 
vessel to take them to their place of destination in South America, hut 
they were already provided, through the liberality above mentioned. 
Every facility may be looked for also from the Emperor of Brazil, who 
has, for some time past, manifested great interest in the welfare of the 
Museum of Comparative Zoology at Cambridge. 

Great results may be expected from an expedition under such a leader, 
so ably supported and so well equipped. The explorations will be 
mainly inland, and therefore the richer in novelties to science. 

2. Temperature of the climate near large bodies of water, — Mr. J. S. 
LipPiNCOTT, of Haddonfield, N. J., in an article published in the Second 
Annual Report of the West Jersey Fruit-Growers Association (1864-5, 
Philadelphia), attributes the milder climate near the great lakes and the 
ocean to the atmospheric humidity occasioned by the proximity of water, 
referring to the principle established by Tyndall that moisture in the air 
absorbs the heat received from the earth and retains it about its surface, 
preventing thus its escape into space, and to his views on the subject. 
He explains in this way why western New Jersey is much less favorable 
for vineyards than the vicinity of the great lakes or the lakes of New 
York, situated farther to the north. 

3. Corinthian Lake-habitations, — Prof. Hochstetter has found evi- 
dences of lake-habitations on piles in four of the lakes of Carinthia; 
namely, those of Word, Keutschach, Rauschelen, and Osseach. From 
the lake of Keutschach, the only one yet particularly investigated, nu- 
merous black potsherds, pieces of half-burnt clay, half-carbonized frag- 
ments, a whetstone, a poriion of a stag's horn, are among the relics ob- 
tained. — Reader^ Dec, 3. 

4. A new meteorite from Arkansas. — Prof. J. Lawrence Smith has 
received a portion of a new meteorite from Arkansas, consisting of mixed 
iron and stony matter, which he has under investigation. — Letter to G,J, 
Brush, dated Louisville^ Ky.^ Apr, 24. 

5. Cancerine. — A fertilizer, named Cancerine, is made on the coast of 
New Jersey, out of King-crabs, a crustacean otherwise called '"Horse- 
shoe^^'' and in science Limulus, They are dried and ground ; and, thus 
prepared, the material is said to be worth half as much as Peruvian 
guano. — Prof G. H. Cook^s Report on the OeoL Survey ofN. Jersey, 1S64. 

6. Large mass of Amber from India. — Sir David Brewster has de- 
scribed a mass of amber from India weighing upward of two pounds. 
It is traversed by veins of carbonate of lime. — Proc. Roy. Soc, JSdinb., 
Jan. 16. 

7. Earthquake at Buffalo, N, Y, — On the 29th of January last, at 
4 A. M., there was a shock of an earthquake at Buffalo. 

8. Louis Saemann, — The Comptoir Mineralogique et Paleontologique 
— or establishment for the Sale of Minerals, Rocks and Fossils — of Louis 
Saemann, in Paris, has been removed to Rue de Mezieres, No. 6, where 
he stands ready to supply on reasonable terms, all wishing to buy, or 
complete, mineral, lithological, or paleontological cabinets. 
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9. Dr. A. Krantz, — The 7th edition of the Catalogue of minerals, 
rocka, fossils, casts and models for sale at the large and well known house 
of Dr. Krantz, at Bonn, in Prussia on the Rhine, has recently been issued, 
and exhibits great completeness in his stock in all departments, and favor- 
able prices for purchasers. Besides the various other collections, we 
observe one of 114 models of occurring crystalline forms of various min- 
erals, in wood, well labelled, with reference to standard works, for 16 
thalers; and another of 675 forms, for only 120 thalers (the thaler being 
equivalent to about 15 cents). 

Obituary. — Thomas B. Wilson. — Tlie scientific world has sustained 
a severe loss in the death of Dr. Thos. B. Wilson, the late President of 
the Academy of Natural Sciences, in this city, which took place on the 
15th of March last, at his late residence in Newark, Delaware. Dr. 
Wilson, who was a native of Philadelphia, has for many years devoted 
himself to the encouragement and promotion of zoological science, 
especially in connection with the Academy of Natural Sciences, an in- 
stitution which, mainly by his energy, ability and princely liberality, has 
been raised from comparative mediocrity to an equality with the leading 
kindred institutions of the Old World. The superb collection of Birds, 
which ranks as the third in importance in the world, and the invaluable 
Library of the Academy, are but a partial evidence of Dr. Wilson's 
unostentatious munificence. Every department of the institution bears 
his mark and will feel his loss. He has also contributed largely of late 
to the Entomological Society at Philadelphia. Although his residence 
had been removed to Newark, Delaware, half of his time was regularly 
spent in his native city and occupied with his favorite pursuits. It is 
difficult to estimate the value of such men to the cause of science, or 
the loss which a community sustains when their labors are cut short. — 
Daily Evening Bulletin, Philadelphia, March 21. 

George H, Emerson. — Mr. George H. Emerson, a young chemist of 
much promise, originally from the city of Hartford, Ct., died at Green- 
field, Mass., after a long and painful illness, on the 28th of December 
last, at the age of twenty-seven. Mr. Emerson is the author of a memoir 
" On crystals and precipitates in Blowpipe Beads," presented to the Bos- 
ton Society of Natural History, an abstract of which was published in 
volume xxxvii of this Journal (p. 414). Having discovered that nearly 
all those earths, or metallic oxyds, which produce an opaque bead on 
flaming, give rise, with proper manipulations, to definite and character- 
istic crystals, he examined, with great labor and care, a large variety of 
substances, and carried his investigations so far as to determine and de- 
scribe the appearance of the crystals or precipitates in difi'erent fluxes. 
His researches — which he regarded as but just begun, — promised to 
contribute much to the progress of the science of Blowpipe analysis. 
But he was compelled to discontinue them by his failing health. He 
bad been a student of Chemistry in Prof. Cooke's laboratoiy at Cam- 
bridge but one year when he obtained his interesting results. But the 
enthusiasm and activity with which he applied himself would have 
severely tried a stronger constitution than his. Having sought to im- 
prove his health by a journey to Florida without avail, he died at Green- 
field a few months after his return. 
Am. Jour. Sci.— Second Serib», Vol. XXXIl , No. 117.— Mat, 1865. 
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Mr. Emerson belonged to that rare claM of men, who perpetuate their 
good works, and after death remain asefnl to humanity. By his will he 
gave his whole estate to the endowment of four scholarships for tiie 
relief of needy and meritorious graduates of the Lawrence Scientific 
School of Harvard College. Such a grand and simple life of devotion 
needs no drapery of euphonious words. He loved science, and gave for 
her advancement all he possessed, even his young life. a. h. 

William J. Walker, — Dr. William Johnson Walker died on the 
2nd of April last, at Newport, Rhode Island, in his 76th year. He had 
been eminently skilful in surgery and the treatment of disease, but quit* 
ted the practice of his profession about twenty years since. He was a lib- 
eral patron of science and of education, and not less munificent in h» 
gifts than in his bequests. During his later years his gifts amount to 
four hundred thousand dollars, of which the Boston Natural History 
Society had a share. In his will he bequeaths one million of dollars 
(out of an estate of about one and a quarter millions) in equal parts to 
the Boston Society of Natural History, Amherst College, Tufts College 
and the Institute of Technology at Boston. 

VI. MISCELLANEOUS BIBLIOGRAPHY. 

1. Naturalists^ Directory, From the Proceedings of the Essex In- 
stitute, Salem, Mass. F. W. Putnam, Editor. — Advance sheets of Part 
I of this Directory have been received. It forms part of the April 
number of the Proceedings, but has separate paging so as to be bound 
by itself. This first part contains the names and addresses of the natu- 
ralists of North America and the West Indies, together with their 
special departments of science, and other usefiil information. The 
publication of this work is to be continued quarterly until completed. 
The next number will contain the names of foreign naturalists, with 
their addresses and special branches of study, so far as they can be as- 
certained. In the part already printed the names have been arranged 
alphabetically for greater convenience, but in future numbers it is pro- 
posed to arrange those of each country according to their special de- 
partments. 

The utility and convenience of a work of this kind must be obvious 
to every one interested in Natural History, and the first number gives 
assurance, by the great labor and care that has been bestowed upon it, 
that the entire work will, notwithstanding the inherent difficulties of 
the task, be rapidly and successfully completed, and thus supply a want 
that has long been felt. a. e. v. 

2. The Social Science Review: a Quarterly Journal of Political 
Economy and Statistics ; Alexander Delmar and Simon Stern, Edi- 
tors. Vol. I, No. 1, January, 1865. 96 pp. 8vo. New York. — The sub- 
jects discussed in this first number of the Social Science Review are — 
Government ; Mr. Fessenden's Report ; Herbert Spencer on Social Stat- 
ics, &c. ; Mr. About's Progres ; The limits of Political Economy. 

3. The Preparation and Mounting of Microscopic Objects ; by Thomas 
Da vies. 144 pp., 12mo. New York: Wm. Wood & Co., 61 Walker 
street. — In accordance with the author's aim, as expressed in his Pre- 
face, this little manual supplies a want long felt, and supplies it well, 
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giving the methods of preparing and mounting (and to some extent, 
also, of collecting) specimens for the microscope that arc in general 
use, along with the results of his own experience; and with such 
explanations of the rudiments of the art as may be required by a be- 
ginner, as well as those details that the advanced student might need. 
The subjects of the chapters are: I. Apparatus; 11. Preparation and 
mounting of objects ** dry ;" III. Mounting in Canada Balsam ; IV. 
Preservative liquids ; V. Sections, and how to cut them, with some re- 
marks on dissection ; VI. Injection ; VII. Miscellaneous information on 
objects of interest for the microscope. 

4. Triibner's American and Oriental Record. — The Record, published 
in London by Messrs. Trubner &; Co. (60 Paternoster Row), of which 
the first number made its appearance on the 16th of March last, is to 
be *• a monthly register of the most important works published in North 
and South America, India and China and the British Colonies, with the 
occasional addition of notes on German, Dutch, Danish, French, Italian, 
Spanish, Portuguese, and Russian books." Its object is stated to be 
two-fold : first, to form a medium of communication between American 
and Oriental authors and publishers and the English public ; and, sec-^ 
ondly, to make American and Oriental works better known in Europe. 
It has therefore a special interest to American authors and publishers, 
and to the American people generally. Cooperation from America is 
asked for, and especially early intimation of publications in contempla- 
tion, with a mention of such particulars in each case as the trade and 
the reading public demand. The house of Trubner & Co. has long 
dealt largely in American works, and done much toward extending their 
circulation through Great Britain and Europe. The first number of the 
Record runs to 24 pages small 4to. Price Qd. 

5. American Journal of Conchology ; edited by G. W. Trton, Jr. — 
The first and second numbers of the American Journal of Conchology 
have appeared, and by their contents promise much for the progress of 
the science of both recent and fossil shells. The numbers of this quar- 
terly contain 06 pages each ; the first is enriched by 9 plates of shells, 
and the second by 8, several of them colored. The price per number is 
three dollars, and per year ten dollars. These numbers contain articles on 
Tertiary fossils by T. A. Conrad ; and on recent shells by S. S. Haldeman, 

, T. Bland, W. G. Binney, W. Stimpson, C. M. Wheatley, A. D. Brown, 
J. G. Anthony, and the Editor, besides "Reviews and Summary of Con- 
chological Publications" and "Scientific Intelligence." 

6. Woodward's Country Homes; by G. E. <fe F. W. Woodward, 
Architects. 166 pp., 12mo. New York: G. E. & F. W. Woodward, 
37 Park Row, oflSce of the Horticulturist. — This neat little volume is 
illustrated by numerous cuts representing dwelling houses of various 
tasteful styles, and plans for their construction, and is well calculated 
to distribute through the country, taste in domestic architecture and 
some knowledge of the ways of exhibiting it. 

7. The New York Medical Journal, Vol. I, No. 1, April, 1865. 88 pp. 
8vo. Miller & Mathews, New York and J. B. Lippincott & Co., Phila- 
delphia. $5 per year. — This new monthly is to be sustained by the 
highest medical and surgical talent of the country, and promises to be 
the leading Medical Journal. 
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Schoolcraft! H. R., death of, 114. 
Sexes, production of, Thury, 84. 
Shepardy C. U,^ on spartaite, 174. 
Shooting stars, IT. A. Newton^ 193, 370. 

observations on, by H. H. Stretchy 

229. 

of Nov. 1864, Twining, 229. 
of Jan. 2d, 231. 
spectrum of, ITerseJuil, 232. 
Sierra Nevada, high peaks of southern 

portion of, 10. 
Siemens* regenerative gas-furnaces, 232, 

344. 
Silkworm, new American, Vennlly 228. 
Silliman B., obituary of, 1. 
SiUiman B., petroleum of California, 341. 
Smithes History of Delaware Co., Pa., 

notice of, 236. 
Social Science Review, notice of, 374. 
Sodium, acetate of, for separatiug iron 

and aluminum from other bases, Gibbs, 

60. 
Solar System, history of, BinricTis, 271. 

see further. Sun. 
Stars in northern hemisphere, number 

of, 112. 
shooting, see Shooting. 
Stretch, R. -&, observations on shooting 

stars, 229. 
Struve, F. W., death of, 114. 
Suez, cutting of the isthmus of, 85. 
Sun, intensity of action of different parts 

of disk of, 83. 
Spare's Differential Calculus, notice of, 

236. 
Spectra, see Light, 
Spectroscope, L. M. Rutherfurd, 129. 



Thallic alcohols, 220. 

Thermo-electric batteries, Bunsen, 219. 

Thury, production of the sexes, 84. 

Tin-ore in Mexico, Chandler, 349. 

ToUes, R. B., method, of applying binocu- 
lar princii)le %a microscopes, 312. 

Transit-observation, probable error of, in 
dilTerentmethodS) 112. 



TrimorphismUn plants, 860. 

Trouimoit, introduction of a new Ameri- 

lean silkworm, 228. 
Trowbridge, i>., nebular hypothesis, 25, 

TriibnePs American and Oriental Record, 
notice of, 875. 

T^ryofiy O. W., announcement by, of an 
American Journal of Conchology, 116. 

Twining, A. C, shooting stars of Novem- 
ber 1864, 229. 

Tyler, & w., analysis of spartaite, 174. 



Uranium, sepamtion of, 64. 

sulphur compounds of, Remelk, 344. 



Van Beneden, on human skulls in a Bel- 
gian bone cave, 223. 

VerriU, A. E,, on a new developing solu- 
tion, 221. 

preservatioh of starfishes with natu- 
ral colors, 228. 

Vibrating water-fills, Nvckerson, 151. 

w 

Wagner, on larve-budding, 363. 

Walker, W. J., obituary of, 374. 

Ward, H. A., casts of fossils made by, 

224. ^' 

Warren, C. M., ona process of fractional 

condensation, 327. 
Water, periodic action of, or on vibrating 

water falls, Nickerson, 151. 
Waters, mineral of Bath and elsewhere, 

a Lydl, 13. 
mineral, containing caesium, 20. 
mineral, in metamorphism. Hunt, 176. 
Whitney, J. D., explorations of Sierra Ne- 
vada in 1864, 10. 
Wilcocks, on the influence of ether in 

the solar system, notice of, 114. 
Wild's saccharimeter, 91. 
Wilson, T. B., obituary of, 373. 
Winchell, A., oil-formation in Michigan 

and elsewhere, 350. 
Woodward's country homes, notice of, 

375. 
Worthen's report on Geology of Illinois, 

publication of, in progress, 358. 



Youman's work on Correlation, &c., no- 
tice of, 220. 



Zoology. — 
Insect larves, budding in, 110, 362. 
Silkworm, new American, VerriU, 228. 
Startishes,_preservation of, with natural 

colors, Fem«, 228. 
notice of works in — 
American Journal of Conchology, 116, 

o7o. 
Allen's Monograph of Bats, 116. 
Baird's Review of American Birds, 115. 
Cresson's Hymenoptera of Cuba, 363. 
Packard's U. S. Bombycidae, 363. 
See further under Geology. 
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